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Malaria	   is	   wereldwijd	   een	   van	   de	   belangrijkste	   ziekten.	   Meer	   dan	   3.3	   miljard	   mensen	  
worden	   door	   de	   ziekte	   bedreigd,	   waarvan	   kinderen	   jonger	   dan	   vijf	   jaar	   en	   zwangere	  
vrouwen	  de	  hoogste	  risico’s	  lopen.	  Deze	  ziekte	  wordt	  door	  een	  beet	  van	  het	  geïnfecteerde	  
vrouwtje	   van	   de	   mug	   van	   het	   geslacht	   Anopheles	   op	   de	   mens	   overgedragen.	   De	   meest	  
populaire	   en	   geschikte	  materialen	   vandaag	   om	  malaria	   te	   voorkomen	   zijn	   netten	   van	   het	  
type	   “Long-­‐Lasting	   Insecticidal	   Mosquito	   Nets	   (LNs)”.	   Tegelijkertijd	   is	   er	   nood	   aan	  
betrouwbare	  methoden	  om	  de	  hoeveelheid	  pesticide	  geïmpregneerd	  op/in	  deze	  netten	   te	  
controleren.	   Daarnaast	   is	   het	   belangrijk	   te	  weten	   of	  muskietnetten	   (LNs),	   na	   enige	   tijd	   in	  
gebruik,	   nog	   steeds	   werkzaam	   zijn	   ter	   preventie	   van	   malaria.	   Een	   aantal	   vragen	   worden	  
hierbij	  gesteld:	  “Hoe	  moeten	  LNs	  tijdens	  gebruik	  worden	  gewassen?”;	  “Welk	  detergent	  is	  het	  
meest	   geschikt	   om	   LNs	   te	   wassen?”;	   “Hoe	   moeten	   LNs	   na	   wassen	   worden	   gedroogd,	  
binnens-­‐	   of	   buitenshuis,	   al	   dan	   niet	   aan	   zonlicht	   blootgesteld?”	   Naast	   de	   focus	   op	   het	  
behoud	  (kwaliteit)	  en	  de	  efficiëntie	  van	  het	  aanwezige	  pesticidenresidu	  op	  de	  netten	  komt	  
de	  vraag	  of	  deze	  residu’s	  een	  impact	  kunnen	  hebben	  op	  mens	  en	  milieu.	  De	  volgende	  vragen	  
komen	  naar	  voor:	  “Zijn	  LNs	  veilig	  bij	  menselijk	  contact?”;	  “Wat	  is	  het	  effect	  van	  menselijke	  
blootstelling	  op	  lange	  termijn?”;	  “Aangezien	  pesticiden	  vrijkomen	  tijdens	  wasbeurten,	  wat	  is	  
het	  potentieel	  voor	  LNs	  om	  oppervlaktewater	  te	  contamineren?”	  
Uit	  al	  deze	  vragen	  werden	  volgende	  doelstellingen	  gepreciseerd.	  Dit	  werk	  beoogt:	  
1. een	   literatuuronderzoek	   om	  de	   LNs	   te	   situeren	   tussen	   de	   efficiënte	  methoden	   om	  
malaria	  te	  beheersen;	  
2. de	  validatie	  van	  een	  geschikte	  analytische	  methode	  om	  de	  insecticiden	  toegepast	  in	  
commerciële	  LNs	  te	  analyseren;	  
3. de	   evaluatie	   van	   het	   effect	   van	   wassen	   van	   netten	   op	   de	   vrijstelling	   van	   de	  
insecticiden	  voor	  de	  verschillende	  merken	  van	  LNs;	  
4. de	  evaluatie	  van	  het	  effect	  van	  UV	  licht	  op	  de	  afbraak	  van	  de	  werkzame	  stof	  van	  het	  
insecticide	  in	  de	  LNs;	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5. de	  vergelijking	  van	  een	  met	  de	  hand	  wasproces	  en	  een	  machinale	  wasproces	  en	  de	  
invloed	  van	  het	  type	  wasdetergent;	  
6. de	   ontwikkeling	   van	   een	   methode	   om	   de	   huid-­‐	   en	   ademhalingsblootstelling	   van	  
mensen	  die	  slapen	  onder	  LNs	  na	  te	  gaan;	  
7. de	  schatting	  van	  milieucontaminatie	  door	  het	  gebruik	  van	  LNs.	  
In	   de	   inleiding	   van	   dit	   werk	   wordt	   een	   overzicht	   gepresenteerd	   van	   de	   ontwikkeling	   van	  
malaria,	   de	   overdracht	   van	   de	   ziekte	   en	   het	   inzetten	   van	   methoden	   om	   malaria	   te	  
beheersen.	  
In	  de	  volgende	  stap	  worden	  de	  chemische	  analyse	  en	  de	  biotests	  als	  algemene	  methoden	  
om	  de	  werkzaamheid	  van	  LNs	   in	   te	   schatten	  weergegeven.	  De	  biotests	  worden	  het	  meest	  
gebruikt	  door	  de	  producent	  van	  de	  netten,	  maar	  hebben	  als	  nadeel	  een	  grotere	  variatie	   in	  
testresultaten.	  Bijgevolg	  krijgt	  het	  chemisch	  analyseren	  van	  netten	  de	  voorkeur.	  Om	  hieraan	  
te	  voldoen	  is	  het	  interessant	  één	  methode	  te	  hebben	  om	  diverse	  pesticiden	  in	  verschillende	  
types	   van	   netten	   te	   kunnen	   bepalen.	   Dit	   werk	   beschrijft	   een	   methode	   om	   alpha-­‐
cypermethrin	  en	  deltamethrin	  in	  netten	  met	  gaschromatografie	  en	  electron	  capture	  detectie	  
(GC-­‐µECD)	  te	  bepalen	  op	  basis	  van	  een	  30	  minuten	  durende	  reflux-­‐extractie	  met	  xyleen.	  De	  
selectiviteit,	   specificiteit,	   recovery	   en	   herhaalbaarheid	   van	   de	   methoden	   worden	  
aangetoond.	  De	  recovery’s	  variëren	  binnen	  de	  aanvaardbare	  range	  van	  80	  tot	  120%	  en	  de	  
RSD	   is	  minder	   dan	  4%.	   Een	  detectielimiet	   (LOD)	   voor	   alpha-­‐cypermethrin	   en	  deltamethrin	  
van	  0,3	  mg	  a.i./m2	  net	  wijst	  er	  eveneens	  op	  dat	  deze	  methode	  voldoende	  gevoelig	  is.	  Deze	  
methode	   kan	   als	   kwaliteitscontrole	   van	   geproduceerde	   netten	   en	   in	   het	   kader	   van	  
onderzoek	  ingezet	  worden.	  
De	  gevalideerde	  chemische	  methode	  vormt	  de	  basis	  van	  de	  volgende	  delen	  in	  dit	  doctoraal	  
onderzoek.	  Het	  vrijkomen	  van	  de	  werkzame	  stof	  in	  muskietnetten	  van	  het	  type	  Interceptor®,	  
PermaNet®2.0,	  and	  Netprotect®	  wordt	   in	  functie	  van	  het	  aantal	  wasbeurten	  bestudeerd.	  Er	  
wordt	  vastgesteld	  dat,	  onafhankelijk	  van	  de	  wijze	  van	  drogen,	  het	  residu	  van	  de	  werkzame	  
stof	   in/op	   de	   muskietnetten	   door	   wassen	   daalt.	   	   De	   met	   pesticide	   gecoate	   netten,	  
Interceptor®	  en	  PermaNet®2.0,	  verliezen	  na	  20	  wasbeurten	  tot	  70%	  van	  de	  werkzame	  stof	  en	  
de	  met	  pesticide	  geïncorporeerde	  netten,	  Netprotect®,	  verliezen	  slechts	  30%.	  Dit	  wijst	  erop	  
dat	   geïncorporeerde	   netten	   beter	   tegen	   wasbeurten	   bestand	   zijn	   dan	   gecoate	   netten.	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Vergelijking	  met	   literatuur	   toont	   aan	   dat	   deze	   daling	   in	   concentratie	  werkzame	   stof	   geen	  
impact	   heeft	   op	   de	   biologische	  werking	   van	   de	   netten.	   Het	   exponentiele	   of	   logaritmische	  
model	   voor	   gecoate	   netten	   is	   het	   meest	   geschikt	   om	   de	   daling	   in	   het	   residu	  
(retentie/release)	   in	   functie	   van	   het	   aantal	   wasbeurten	   weer	   te	   geven.	   Voor	  
geïncorporeerde	   netten	   wordt	   geen	   goede	   overeenkomst	  met	   de	   geteste	  mathematische	  
modellen	  gevonden.	  
De	  studie	  vergelijkt	  tevens	  de	  resultaten	  van	  de	  ISO	  6330:2000	  machinale	  wasbeurten	  met	  
de	  labosimulaties	  waarbij	  muskietnetten	  met	  een	  specifiek	  detergent	  met	  de	  hand	  worden	  
gewassen.	  Hieruit	   blijkt	   dat	   de	   impact	   van	   het	  wasproces	   in	   hoofdzaak	   door	   de	  wijze	   van	  
impregnatie	  van	  de	  netten,	  geïncorporeerd	  of	  gecoat,	  wordt	  bepaald.	  De	  labosimulatie	  van	  
de	  met	  de	  hand	  gewassen	  netten	  verwijdert	  meer	  werkzame	  stof	  uit	  de	  netten	  dan	  de	  ISO	  
6330:2000	  machinale	  wasbeurt.	  
Naast	  het	  wassen	  van	  de	  netten	  wordt	  een	  simulatie	  van	  het	  binnens-­‐	  en	  buitenshuis	  drogen	  
van	  de	  netten,	  al	  dan	  niet	  onder	  invloed	  van	  UV-­‐licht,	  onder	  de	  loep	  genomen.	  Dit	  is	  om	  het	  
verschil	   te	   zien	   tussen	  mensen	   die	   de	   LNs	   binnen	   of	   buiten	   onder	   het	   zonlicht	   hangen	   te	  
drogen.	  Het	  effect	  tussen	  al	  dan	  niet	  blootstelling	  aan	  UV-­‐licht	  van	  de	  werkzame	  stof	  in	  de	  
LNs,	  is	  in	  deze	  proefopstelling	  statistisch	  niet	  significant	  bevonden.	  Dit	  kan	  te	  wijten	  zijn	  aan	  
de	  impregnatietechnologie	  van	  de	  fabrikant	  van	  de	  netten	  die	  UV-­‐bescherming	  inhoudt.	  Ook	  
kan	   dit	   te	   wijten	   zijn	   aan	   de	   lagere	   omgevingstemperatuur	   en	   een	   minder	   intense	   UV-­‐
belichting	  dan	  in	  realiteit	  waarbij	  deze	  proef	  hier	  werd	  uitgevoerd	  
Het	   laatste	   deel	   van	   het	   onderzoek	   handelt	   over	   de	   blootstelling	   van	  mens	   en	  milieu	   aan	  
LNs.	   De	   blootstelling	   van	   de	   mensen	   die	   onder	   de	   netten	   slapen	   beperkt	   zich	   tot	   een	  
dermale	  blootstelling.	  De	  hoeveelheid	  pesticide	  in	  lucht	  afkomstig	  van	  een	  net	  bevindt	  zich	  
beneden	  de	  detecteerbare	  limiet.	  Het	  risico	  van	  de	  blootstelling	  blijkt	  afhankelijk	  te	  zijn	  van	  
het	   type	   technologie	  waarmee	  de	   LNs	  worden	  geïmpregneerd.	  De	  hoeveelheid	   insecticide	  
die	  bij	  aanraking	  wordt	  overgebracht	  van	  de	  LNs	  naar	  de	  huid	  kan	  voor	  gecoate	  maar	  niet	  
voor	   geïncorporeerde	   netten	   worden	   gekwantificeerd.	   Het	   inschatten	   van	   de	   dermale	  
blootstelling	   op	   basis	   van	   het	   aanraken	   van	   de	   netten	   met	   katoenen	   handschoenen	   is	  
succesvol.	  Een	  andere	  methode	  op	  basis	  van	  wrijving	  met	  de	  Martindale	  uitrusting	  vertoont	  
minder	   variatie	   in	   de	   testresultaten.	   Daarnaast	   kan	   het	   generische	   WHO	   model	   en	   het	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ConsExpo	  4.1	  model	  de	  blootstelling	  eveneens	   inschatten.	  De	   testbenadering	  op	  basis	  van	  
katoenen	   handschoenen	   is	   praktischer	   en	   realistischer	   en	   vertoont	   evenwel	   een	   hogere	  
blootstelling	  dan	  gemodelleerd	  door	  het	  generieke	  WHO	  model	  of	  ConsExpo	  4.1.	  	  
Tot	   slot	   mag	   de	   hoeveelheid	   pesticiden	   vrijgesteld	   tijdens	   het	   wassen,	   als	   bron	   van	  
contaminatie	  van	  het	  milieucompartiment	  water	  niet	  over	  het	  hoofd	  worden	  gezien.	  
Toekomstig	   onderzoek	   kan	   zich	   richten	   op	   de	   beperkingen	   die	   in	   deze	   studie	   naar	   boven	  
kwamen.	  Het	  werk	  beschrijft	  vandaag	  slechts	  het	  gedrag	  van	  2	  pesticiden	  op	  een	  gecoat	  net	  
en	   1	   pesticide	  op	   een	   geïncorporeerd	  net.	  Het	   aantal	   insecticiden	   en	   tevens	   het	   type	   van	  
textiel	   kan	  om	   te	   zien	  wat	  het	  effect	   is	   van	  overige	   coating	  en	   incorporatie	   technologieën	  
worden	  uitgebreid.	   Tot	  op	   vandaag	  worden	   LNs	  efficiënt	   voor	  malaria	  beheersing	   ingezet.	  
Oude	  of	   ongebruikte	   LNs	  die	  nog	   insecticiden	  bevatten	  worden	  beter	   voor	   andere	  doelen	  
zoals	   de	   fabricage	   van	   hout-­‐kunststofmaterialen	   verzameld	   en	   gerecycleerd.	   Toekomstig	  
onderzoek	  kan	  zich	  richten	  op	  pesticide	  residu’s	  bij	  dit	  tweedehandsgebruik	  waarbij	  de	  vraag	  
naar	   de	   impact	   op	   het	   milieu	   cruciaal	   staat.	   Het	   probleem	   om	   een	   betere	   inschatting	   te	  
bekomen	   van	   de	   blootstelling	   van	   de	   mens	   moet	   tot	   slot	   ook	   worden	   aangepakt.	   De	  
gemeten	  waarden	  van	  dermale	  bloostelling	  in	  dit	  werk	  waren	  niet	  in	  overeenstemming	  met	  
de	   gebruikte	   blootstellingsmodellen	   die	   zich	   baseren	   op	   een	   theoretische	   aanpak.	   Hierbij	  
kan	   de	   ademhalingsblootstelling	   met	   bijzondere	   aandacht	   voor	   fijne	   stofdeeltjes,	   die	  
vrijkomen	  van	  de	  netten	  tijdens	  het	  hanteren,	  worden	  herbekeken.	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ABSTRACT	  
	  
Malaria	  is	  one	  of	  the	  public	  health	  problems	  in	  the	  world.	  More	  than	  3.3	  billion	  people	  are	  at	  
risk	  of	  malaria.	  Children	  under	  the	  age	  of	  five	  year,	  and	  pregnant	  women	  are	  most	  severely	  
affected.	   The	   disease	   is	   transmitted	   to	   human	   through	   the	   bite	   of	   an	   infected	   female	  
mosquito	  of	  the	  genus	  Anopheles.	  	  Nowadays	  Long-­‐Lasting	  Insecticidal	  Mosquito	  Nets	  (LNs)	  
are	  the	  most	  popular	  and	  useful	  tools	  for	  malaria	  control.	  At	  the	  same	  time	  LNs	  face	  some	  
challenges	  as	   the	  need	  for	  reliable	  methods	  to	  check	  the	  amount	  of	  pesticide	  used	  on	  the	  
nets.	  Also	   there	   is	   a	  need	   to	   know	   if	   the	   LNs	  are	   still	   effective	  against	  mosquitoes	  after	   a	  
certain	   time.	   In	   addition,	   some	   questions	   arise:	   ‘How	   should	   LNs	   be	   used	   and	   washed?’	  
‘Which	  detergent	  should	  be	  used	  during	  the	  washing	  process?’	  ‘How	  should	  LNs	  dry,	  indoor	  
or	  outdoor,	  exposed	  to	  or	  avoiding	  sunlight?’	  Next	  to	  the	  focus	  on	  the	  quality	  and	  efficacy	  of	  
the	   LNs,	   as	   they	   contain	  pesticides	   the	  use	  of	   LNs	  may	   lead	   to	  human	  and	  environmental	  
exposure	  to	  pesticide	  residues.	  From	  this,	  following	  questions	  arise:	  ‘Are	  LNs	  safe	  for	  human	  
contact?’	   ‘What	  about	  the	  long	  term	  effects	  of	  human	  exposure?’	   ‘Knowing	  that	  pesticides	  
are	   released	   during	   the	  washing	   step,	   what	   is	   the	   potential	   of	   LNs	   to	   contaminate	  water	  
resources?’	   From	   the	   questions	   mentioned	   above,	   the	   following	   objectives	   were	   put	  
forward:	  
1. to	   review	   literature	   and	   to	   situate	   Long-­‐Lasting	   Insecticidal	   Mosquito	   Nets	   (LNs)	  
along	  the	  effective	  methods	  for	  malaria	  vector	  control;	  
2. to	   validate	   a	   suitable	   analytical	   method	   to	   analyze	   insecticides	   commonly	   used	   in	  
LNs;	  
3. to	  evaluate	  the	  effect	  of	  washing	  on	  the	  release	  of	  the	   insecticide	  active	   ingredient	  
content	  for	  different	  brands	  of	  LNs;	  	  
4. to	  evaluate	  the	  effect	  of	  UV	  light	  on	  the	  breakdown	  of	  the	  active	  ingredient	  content	  
of	  LNs;	  	  
5. to	  compare	  the	   laboratory	  hand	  washing	  simulation	  to	  a	  domestic	  washing	  method	  
with	  a	  proposed	  detergent;	  
6. to	   develop	   an	   approach	   to	   assess	   the	   dermal	   and	   inhalation	   exposure	   for	   people	  
sleeping	  under	  LNs;	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7. to	  assess	  environmental	  contamination	  due	  to	  the	  use	  of	  LNs.	  
In	   the	   present	   work,	   the	   origin	   of	   the	   malaria,	   the	   chain	   of	   its	   transmission,	   and	   the	  
implementation	  of	  the	  malaria	  control	  tools	  was	  reviewed.	  	  
It	   was	   found	   that	   the	   bioassay	   test,	   and	   the	   chemical	   analysis	   are	   the	   commonly	   used	  
methods	  to	  assess	  the	  efficacy	  of	  LNs.	  The	  bioassay	  test	  is	  mostly	  used	  by	  the	  manufacturer	  
but	  has	  a	  disadvantage	  of	  a	  higher	  variation.	  Consequently,	  chemical	  analyses	  are	  preferred.	  
To	   address	   the	   need	   of	   using	   one	   analytical	   method	   for	   the	   determination	   of	   several	  
insecticides	  in	  different	  nets,	  this	  work	  provides	  a	  30	  minutes	  reflux	  extraction	  method	  with	  
xylene	   to	   determine	   alpha-­‐cypermethrin	   and	   deltamethrin	   in	   LNs	   by	   gas	   chromatography	  
with	   electron	   capture	   detection	   (GC-­‐μECD).	   The	   selectivity,	   specificity,	   recovery	   and	  
repeatability	   of	   the	   method	   are	   well	   demonstrated.	   The	   recoveries	   vary	   within	   the	  
acceptable	  range	  of	  80	  –	  120%	  and	  the	  RSD	  are	  below	  4%.	  With	  a	  LOD	  of	  0.3	  mg	  a.i./m2	  net,	  
for	  alpha-­‐cypermethrin	  and	  deltamethrin,	  the	  method	  is	  sensitive.	  As	  a	  result,	  it	  can	  be	  used	  
for	   quality	   control	   and	   also	   for	   research	  programs	  where	   the	   interest	   is	   to	   determine	   the	  
remaining	  amount	  of	  insecticide	  in	  used	  LNs.	  	  
The	  validated	  chemical	  method	  was	  used	  in	  the	  following	  parts	  of	  the	  research.	  The	  release	  
of	  the	  active	  ingredients	  of	  Interceptor®,	  PermaNet®2.0,	  and	  Netprotect® nets	  was	  studied	  as	  
a	  function	  of	  the	  number	  of	  washing	  cycles.	   It	  was	  found	  that	   independently	  to	  the	  drying	  
processes	   after	   the	   washing,	   the	   total	   active	   ingredient	   content	   on	   the	   different	   LNs	  
decreased	  with	  the	  number	  of	  washes.	  The	  coated	  nets	  (Interceptor®	  and	  PermaNet®2.0)	  lost	  
70%	  of	   the	   insecticide	  content	  after	  20	  washes,	  while	   incorporated	  nets	   (Netprotect®) lost	  
only	   30%.	   According	   to	   the	   literature,	   the	   loss	   of	   active	   ingredient	   did	   not	   affect	   the	  
biological	  efficacy	  of	  nets.	  The	  washing	  resistance	  of	  incorporated	  nets	  was	  higher	  compared	  
to	  coated	  nets.	  It	  was	  also	  found	  that	  in	  general,	  the	  best	  fitting	  mathematical	  model	  of	  the	  
active	   ingredient	  retention/release	  with	  washing	  was	  the	  exponential	  or	   logarithmic	  model	  
for	  coated	  nets,	  while	  no	  fit	  for	  any	  of	  the	  mathematical	  models	  tried	  out	  was	  found	  for	  the	  
Netprotect®	  nets.	  
The	  study	  presents	  also	  the	  results	  of	  the	  comparison	  of	  the	  ISO	  6330:2000	  machine	  washing	  
and	  the	  laboratory	  hand	  washing	  simulation	  using	  a	  specific	  detergent.	  It	  was	  found	  that	  the	  
washing	   impact	  on	  the	  LNs	  depends	  mainly	  on	  the	   impregnation	  technologies	  used	  to	  add	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the	   pesticide	   to	   the	   nets.	   The	   laboratory	   hand	   washing	   simulation	   removed	   more	   active	  
ingredient	  from	  the	  Netprotect®	  nets	  than	  the	  ISO	  6330:2000	  machine	  washing	  procedure.	  	  
In	   addition	   the	   simulation	   of	   indoor	   and	   outdoor	   drying	  with	  UV-­‐light	   of	   the	  washed	   LNs	  
were	  done	  in	  the	  same	  way	  to	  compare	  whether	  a	  significant	  difference	  exist	  when	  people	  
dry	   their	   LNs	   indoor	  or	  outdoor.	   It	  was	   found	   that	   the	  effect	  of	  drying	  procedures	  on	   the	  
release	  of	   the	  active	   ingredient	   from	  each	   type	  of	  net	  was	  not	  statistically	   significant.	  This	  
might	   be	   due	   to	   the	   efficiency	   of	   UV	   protection	   technology	   used	   by	   the	   manufacturers	  
and/or	  the	  absence	  of	  higher	  temperatures	  and/or	  higher	  UV	  intensity	   in	  the	  used	  test	  set	  
up.	  	  	  	  
The	  human	  and	  environmental	  exposure	  due	  to	  the	  use	  of	  LNs	  was	  studied	  in	  the	  final	  part	  
of	   the	   work.	   It	   was	   found	   that	   human	   exposure	   due	   to	   sleeping	   under	   LNs	   could	   be	  
narrowed	  to	  dermal	  exposure.	  Also	  the	  risk	  of	  dermal	  exposure	  depends	  on	  the	  type	  of	  the	  
technology	  used	  for	  LNs.	  The	  transferred	  amount	  of	  the	  insecticides	  to	  the	  skin	  could	  be	  well	  
quantified	   for	   coated	   nets	   while	   this	   was	   not	   the	   case	   for	   the	   incorporated	   nets.	   The	  
approaches	  used	  for	  the	  dermal	  exposure	  determination	  were	  successfully	  achieved	  by	  using	  
cotton	   gloves,	   but	   also	   with	   less	   variability	   with	   Martindale	   equipment	   used	   for	   the	  
determination	   of	   abrasion	   and	   pilling	   resistance	   on	   textile	   structures,	   and	   with	   a	   WHO	  
generic	  model,	  and	  the	  ConsExpo	  4.1	  Model.	  The	  cotton	  gloves	  approach	  developed	  here	  for	  
exposure	  assessment	  is	  more	  practicable	  and	  closer	  to	  reality,	  but	  seemed	  to	  provide	  higher	  
exposure	  measured	  compared	  to	  the	  generic	  model	  and	  the	  ConsExpo	  4.1	  model.	  
For	  the	  exposure	  of	  the	  environmental	  compartment	  to	  the	  released	  amount	  of	  insecticide	  
from	  LNs,	  it	  was	  found	  that	  the	  contamination	  of	  water	  during	  the	  washing	  of	  LNs	  should	  be	  
seriously	  considered.	  	  
Further	  work	  can	  address	  the	  limitations	  found	  in	  this	  study.	  This	  work	  was	  done	  with	  two	  
pesticides	  for	  a	  coated	  net	  and	  one	  pesticide	  for	  an	  incorporated	  net.	  The	  range	  of	  pesticide	  
and	   also	   textile	   can	   be	   extended	   in	   the	   testing	   in	   order	   to	   check	   the	   behavior	   of	   other	  
pesticides,	   the	   effect	   of	   other	   textiles,	   and	   the	   effect	   of	   other	   coating	   or	   impregnation	  
technologies.	   Also	   by	   now,	   LNs	   are	   indeed	   efficient	   for	   malaria	   control.	   Still	   containing	  
insecticides,	  the	  old	  and	  unused	  LNs	  might	  be	  collected	  and	  recycled	  for	  other	  uses	  like	  bio-­‐
composite	   plastic-­‐wood	   lumber	   to	   be	   used	   for	   decking.	  No	   effort	   to	   evaluate	   this	   type	   of	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second	   hand	   usage	   is	   done	   by	   now,	   resulting	   in	   waste	   obviously	   contaminating	   the	  
environment.	  
Finally,	  the	  problem	  of	  assessing	  human	  exposure	  to	  LNs	  by	  the	  use	  of	  the	  existing	  models	  
needs	  to	  be	  refined.	  Real	  measurements	  done	   in	  this	  study	  are	  not	   in	  agreement	  with	  the	  
models	   based	   on	   a	   theoretical	   approach.	   Also	   another	   approach	   could	   be	   used	   for	   the	  
assessment	  of	  inhalation	  exposure	  with	  particular	  attention	  on	  particle	  inhalation	  exposure.	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CHAPTER	  1: INTRODUCTION	  AND	  GENERAL	  
BACKGROUND	  
	  
	  
	  
This	  chapter	  gives	  a	  general	  introduction	  to	  malaria	  and	  malaria	  vector	  control.	  	  
	  
	  
1.1 MALARIA	  
	  
1.1.1 ORIGIN	  OF	  MALARIA	  
Malaria	   is	  a	  disease	  caused	  by	   the	  genus	  Plasmodium	  of	  a	  protozoan	   (malaria	  parasite)	  of	  
which	  the	  involvement	  of	  five	  species	  for	  human	  malaria	  is	  known:	  Plasmodium	  falciparum,	  
Plasmodium	  vivax,	  Plasmodium	  ovale,	  Plasmodium	  malariae	  and	  Plasmodium	  knowlesi	  [1-­‐3].	  
Although	  P.	  vivax	  is	  responsible	  for	  most	  malaria	  infections	  in	  the	  world,	  malaria	  caused	  by	  
P.	   falciparum	   is	   the	   most	   severe	   and	   deadly	   form	   and	   is	   predominating	   in	   Africa	   [2,4].	  
Alphonse	   Lavaran	   first	   discovered	  malarial	   parasites	   in	  human	  blood	   in	  1880.	  Ronald	  Ross	  
was	   the	   first	  who	   identified	   in	   1897	  mosquitoes	   (malaria	   vector)	   as	   the	   vectors	   for	   avian	  
(bird)	  malaria.	  This	  was	  followed	  for	  human	  malaria	  by	  the	  Italian	  scientists	  Giovanni	  Battista	  
Grassi,	   Amico	   Bignami,	   Giuseppe	   Bastianelli,	   Angelo	   Celli,	   Camillo	   Golgi,	   and	   Ettore	  
Marchiafava	  between	  1898	  and	  1900	  [5].	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1.1.2 MALARIA	  TRANSMISSION	  CYCLE	  
Malaria	  is	  transmitted	  to	  humans	  through	  the	  bite	  of	  an	  infected	  female	  mosquito	  (malaria	  
vector)	  of	  the	  genus	  Anopheles	  [1].	  Three	  main	  components	  are	  involved	  to	  characterize	  the	  
malaria	   transmission	  cycle:	   	   the	  chain	  of	   transmission,	   the	   life	  cycle	  of	   the	  parasite	   (genus	  
Plasmodium),	  and	  the	  life	  cycle	  of	  the	  vector	  (genus	  Anopheles).	  
	  
1.1.2.1 THE	  TRANSMISSION	  CHAIN	  
For	  the	  transmission	  of	  malaria	  six	  factors	  are	  identified	  as	  shown	  in	  Figure	  1.1:	  	  	  
1. The	  infectious	  agent	  which	  is	  one	  of	  the	  five	  species	  of	  the	  genus	  Plasmodium,	  	  
2. The	  reservoir	  or	  the	  place	  within	  which	  the	  parasite	  can	  thrive	  and	  reproduce.	  It	  
is	  the	  infected	  host	  (e.g.	  a	  human),	  	  
3. The	  route	  of	  exit	  of	  the	  infectious	  agent,	  which	  are	  breaks	  in	  the	  skin,	  	  
4. The	   mode	   of	   transmission	   or	   the	   route	   by	   which	   the	   infectious	   agent	   is	  
transmitted	  from	  a	  reservoir	  to	  another	  host.	  In	  this	  case,	  as	  the	  infectious	  agent	  
is	   transmitted	   to	   a	   new	   host	   through	   an	   intermediate	   (vector-­‐borne;	   female	  
Anopheles),	  the	  transmission	  is	  said	  indirect,	  
5. The	  route	  of	  entry	  or	  an	  opening	  allowing	  the	  infectious	  agent	  to	  enter	  the	  host	  
(breaks	  in	  the	  skin),	  	  
6. The	   susceptible	   host	   or	   a	   person	  who	   cannot	   resist	   the	   parasite	   invading	   (sick	  
host).	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Figure	  1.1	  Chain	  of	  malaria	  transmission	  [6,7]	  
	  
1.1.2.2 THE	  LIFE	  CYCLE	  OF	  THE	  MALARIA	  PARASITE	  (GENUS	  PLASMODIUM)	  
According	   to	   the	   National	   Institute	   of	   Allergy	   and	   Infectious	   Diseases	   (NIAID)	   [8],	   the	   life	  
cycle	  of	  the	  malaria	  parasite	  (Figure	  1.2)	  has	  six	  steps.	  
1. A	   female	   Anopheles	   mosquito	   carrying	   malaria-­‐causing	   parasites	   feeds	   on	   a	  
human	  and	  injects	  the	  parasites	  in	  the	  form	  of	  sporozoites	  (infectious	  form	  of	  the	  
malaria	   parasite)	   into	   the	   bloodstream.	   The	   sporozoites	   travel	   to	   the	   liver	   and	  
invade	  liver	  cells.	  	  
2. Over	  5-­‐16	  days,	  depending	  on	  the	  parasite	  species,	  the	  sporozoites	  grow,	  divide,	  
and	  produce	  tens	  of	  thousands	  of	  haploid	  forms,	  called	  merozoites,	  per	  liver	  cell.	  
Some	  malaria	  parasite	  species	  remain	  dormant	  for	  extended	  periods	  in	  the	  liver,	  
causing	  relapses	  weeks	  or	  months	  later.	  	  
3. The	  merozoites	  exit	  the	  liver	  cells	  and	  re-­‐enter	  the	  bloodstream,	  beginning	  a	  cycle	  
of	   invasion	  of	   red	  blood	   cells,	   asexual	   replication,	   and	   release	  of	   newly	   formed	  
merozoites	  from	  the	  red	  blood	  cells	  repeatedly	  over	  1-­‐3	  days,	  depending	  on	  the	  
parasite	   species.	   This	  multiplication	   can	   result	   in	   thousands	  of	  parasite-­‐infected	  
cells	  in	  the	  host	  bloodstream,	  leading	  to	  illness	  and	  complications	  of	  malaria	  that	  
can	  last	  for	  months	  if	  untreated.	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4. Some	   of	   the	   merozoite-­‐infected	   blood	   cells	   leave	   the	   cycle	   of	   asexual	  
multiplication.	   Instead	  of	   replicating,	   the	  merozoites	   in	   these	   cells	   develop	   into	  
sexual	  forms	  of	  the	  parasite,	  called	  male	  and	  female	  gametocytes	  that	  circulate	  in	  
the	  bloodstream.	  	  	  
5. When	   a	   mosquito	   bites	   an	   infected	   human,	   it	   ingests	   the	   gametocytes.	   In	   the	  
mosquito	  gut,	   the	   infected	  human	  blood	  cells	  burst,	   releasing	   the	  gametocytes,	  
which	   develop	   further	   into	   mature	   sex	   cells	   called	   gametes.	   Male	   and	   female	  
gametes	   fuse	   to	   form	   diploid	   zygotes,	   which	   develop	   into	   actively	   moving	  
ookinetes	  that	  burrow	  into	  the	  mosquito	  midgut	  wall	  and	  form	  oocysts.	  	  	  
6. Growth	  and	  division	  of	  each	  oocyst	  produces	  thousands	  of	  active	  haploid	   forms	  
called	  sporozoites.	  After	  8-­‐15	  days	  depending	  on	  the	  parasite	  species,	  the	  oocyst	  
bursts,	   releasing	   sporozoites	   into	   the	   body	   cavity	   of	   the	  mosquito,	   from	  which	  
they	   travel	   to	   and	   invade	   the	   mosquito	   salivary	   glands.	   The	   cycle	   of	   human	  
infection	   re-­‐starts	   when	   the	   mosquito	   takes	   a	   blood	   meal,	   injecting	   the	  
sporozoites	  from	  its	  salivary	  glands	  into	  the	  human	  bloodstream.	  
	  
Figure	  1.2.	  Life	  cycle	  of	  the	  malaria	  parasite	  [7]	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1.1.2.3 THE	  LIFE	  CYCLE	  OF	  THE	  MOSQUITO,	  THE	  MALARIA	  VECTOR	  (GENUS	  ANOPHELES)	  
Mosquitoes	  have	  four	  different	  stages	  in	  their	  life	  cycle	  (Figure	  1.3):	  the	  egg,	  the	  larva,	  the	  
pupa,	  and	  the	  adult	  [9].	  The	  first	  three	  development	  stages	  of	  a	  mosquito	  are	  immature	  and	  
take	  place	  in	  the	  water.	  The	  adult	  is	  a	  flying	  insect.	  The	  time	  needed	  for	  the	  different	  stages	  
of	  development	  depends	  on	  temperature	  and	  nutritional	  factors	  in	  their	  environment.	  Only	  
11-­‐13	  days	  are	  required	  to	  develop	  from	  egg	  into	  adult	  in	  tropical	  areas,	  while	  longer	  time	  is	  
needed	   in	  moderate	   temperate	   areas	   [9].	   The	   female	   (malaria	   vector)	   usually	  mates	   only	  
once,	  but	  produces	  eggs	  throughout	  its	  life.	  The	  egg	  production	  requires	  a	  blood	  meal	  [9].	  
	  
	  
Figure	  1.3	  Cycle	  life	  of	  the	  mosquito	  (WHO,	  1997)[9]	  
More	  than	  30	  anopheles	  mosquitoes	  are	  known	  as	  malaria	  vectors	  [4].	  The	  occurrence	  of	  a	  
species	  depends	  on	  the	  area.	  The	  major	  reported	  malaria	  vectors	  in	  different	  regions	  of	  the	  
world	  are	  given	  in	  Figure	  1.4	  [10].	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Figure	  1.4	  Global	  distribution	  (Robinson	  projection)	  of	  dominant	  or	  potentially	  important	  malaria	  vectors	  [10]	  
	  
1.2 WHY	  MALARIA	  IS	  A	  CONCERN?	  
	  
1.2.1 WHO	  IS	  AT	  RISK?	  
Approximately	   half	   of	   the	  world's	   population	   is	   at	   risk	   of	  malaria	   [11]	   (Figure	   1.5).	   In	   the	  
2013	  world	  malaria	  report	  [12],	  it	  was	  estimated	  that	  in	  2012	  3.4	  billion	  people	  were	  at	  risk	  
of	   malaria.	   Children	   under	   the	   age	   of	   five	   years	   and	   pregnant	   women	   are	  most	   severely	  
affected	   [13-­‐15].	   Most	   malaria	   cases	   and	   deaths	   occur	   in	   sub-­‐Saharan	   Africa	   which	   was	  
largely	   ignored	  during	  earlier	  eradication	  efforts	  [16,17]	  and	  where,	  ecological	  and	  climatic	  
conditions	   are	   particularly	   favorable	   for	   an	   intense	   transmission	   of	   the	   disease	   [14];	  
approximately	  80%	  of	  cases	  and	  90%	  of	  deaths	  occur	  in	  the	  WHO	  African	  region	  [4].	  (WHO	  
divided	   the	   world	   into	   six	   regions	   called	  WHO	   Regions:	   African,	   Region	   of	   the	   Americas,	  
Eastern	   Mediterranean,	   European,	   South-­‐East	   Asia,	   and	   Western	   Pacific).	   However,	   Asia,	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Latin	  America,	  and	  to	  a	  lesser	  extent	  the	  Middle	  East	  and	  parts	  of	  Europe	  are	  also	  affected	  
[11].	  The	  role	  of	  climatic	  conditions	  is	  explained	  by	  the	  fact	  that	  the	  life-­‐cycle	  change	  of	  the	  
parasite	   within	   the	  mosquito	   increases	   when	   the	   temperature	   declines	   and	   also	   that	   the	  
parasite	  stops	  developing	  within	  the	  mosquito	  when	  the	  temperature	  is	  below	  16°C.	  It	  was	  
also	   found	   that	   many	   species	   of	   malaria	   vector	   suspend	   the	   biting	   activity	   at	   very	   low	  
temperature,	   corroborating	   the	   fact	   that	   the	   transmission	  becomes	  much	   less	   likely	  when	  
the	  temperature	  falls	  below	  18°C,	  leading	  then	  to	  a	  reduction	  of	  malaria	  cases	  in	  temperate	  
regions	  [6,18].	  Malaria	  remains	  endemic	  in	  tropical	  and	  subtropical	  regions	  of	  the	  world	  [19].	  
	  
Figure	  1.5.	  Countries	  with	  ongoing	  malaria	  transmission	  where	  insecticide	  resistance	  has	  been	  identified	  in	  at	  least	  one	  of	  
their	  major	  vectors	  [4]i.	  	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
i	  Source:	  Adapted	  from	  Global	  Plan	  for	   Insecticide	  Resistance	  Management	   in	  malaria	  vectors,	  WHO,	  Geneva,	  
2012.	  From	  WHO	  regional	  entomologists	  in	  WHO	  Regional	  Offices	  and	  literature	  review	  by	  the	  Global	  Malaria	  
Program.	  Map	  production:	  Global	  Malaria	  Program	  (GMP),	  World	  Health	  Organization	  Countries	  with	  ongoing	  
malaria	  transmission	  and	  no	  reports	  of	  insecticide	  resistance	  include	  countries	  with	  confirmed	  susceptibility	  to	  
all	   insecticides	   used	   and	   countries	   where	   susceptibility	   testing	   is	   not	   currently	   conducted	   or	   results	   are	  
unknown.	  The	  map	  provides	  no	  indication	  of	  how	  widespread	  resistance	  is	  within	  a	  country;	  therefore,	  a	  single	  
report	  of	  resistance	  would	  be	  sufficient	  to	  mark	  a	  country	  as	  having	  resistance.	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1.2.2 WHY	  THE	  CONTROL	  OF	  MALARIA?	  
Generally	  diseases	  transmitted	  by	  mosquitoes	  and	  other	   insect	  vectors	  continue	  to	  place	  a	  
critical	  burden	  on	  the	  world’s	  resources.	  Between	  them	  are	  Dengue	  fever,	  Yellow	  fever,	  Rift	  
Valley	   fever,	  Malaria…	  Among	   these	  diseases,	  malaria	   remains	   the	  most	   important	  vector-­‐
borne	  disease	  in	  public	  health	  [20]	  because	  of	  the	  high	  population	  at	  risk.	  In	  most	  endemic	  
countries,	   it	   is	   a	   major	   developmental	   issue.	   Malaria	   has	   a	   significant	   impact	   on	   the	  
socioeconomic	   development	   of	   the	   countries	   affected	   [19,21].	   Up	   to	   date,	   agriculture	   in	  
Africa	   primarily	   depends	   on	   a	   human	   workforce	   that	   is	   hampered	   by	   poverty	   and	   illness	  
particularly	   caused	   by	   malaria	   [22].	   Indeed	   it	   is	   often	   observed	   that	   the	   peak	   of	   malaria	  
transmission	   coincides	  with	  planting	  or	  harvesting	   time.	  Because	  of	   illnesses,	   deaths	  or	   to	  
the	  need	  to	  take	  care	  of	  relatives	  suffering	  from	  malaria,	  precious	  working	  time	  is	  lost	  which	  
generally	   lead	   to	   a	   loss	   of	   productivity.	   This	   results	   in	   significant	   economic	   losses	   for	  
individuals,	  families,	  and	  some	  industries	  (loss	  of	  investment	  and	  tourism)	  and	  also	  to	  a	  loss	  
of	  knowledge	  for	  new	  agricultural	  technologies	  [14,23,24].	  
J.	   L.	   Gallup	   and	   J.	   D.	   Sachs	   [25]	   estimated	   in	   the	  macroeconomic	   way	   that	   cross-­‐country	  
regressions	   for	   the	   1965–1990	   period	   confirm	   the	   relationship	   between	   growth	   in	   gross	  
domestic	   product	   (GDP)	   per	   capita	   and	   the	   burden	   of	   malaria.	   They	   state	   that	   countries	  
intensively	   suffering	   from	   malaria	   grow	   1.3%	   less	   per	   person	   per	   year	   and	   that	   a	   10%	  
reduction	  in	  malaria	  occurrence	  results	  in	  0.3%	  higher	  growth.	  
	  
1.3 MALARIA	  CONTROL	  /	  PREVENTION	  
	  	  
1.3.1 HOW	  TO	  CONTROL	  MALARIA?	  
Malaria	  control	  is	  defined	  as	  the	  prevention	  of	  mortality	  and	  the	  reduction	  of	  morbidity	  and	  
social	   and	   economic	   losses.	   It	   needs	   progressive	   improvement	   and	   strengthening	   of	   local	  
and	   national	   capabilities	   [26].	   Currently,	   governments,	   health	   and	   development	   workers,	  
researchers,	  manufactures,	  and	  the	  world	  community	  are	  working	  together	  to	  find	  the	  best	  
strategy	  to	   fight	  malaria.	  A	  good	  understanding	  of	   the	  malaria	  transmission	  cycle	   (chain	  of	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transmission	  Figure	  1.1,	   life	  cycle	  of	  the	  parasite	  “Plasmodium”	  Figure	  1.2	  and,	   life	  cycle	  of	  
the	  vector	  	  “Anopheles”	  Figure	  1.3)	  is	  the	  basis	  of	  efficient	  malaria	  control.	  	  
In	   the	   past,	   mostly	   DDT	   (Dichloro-­‐Diphenyl-­‐Trichloroethane)	   was	   used	   to	   control	  malaria.	  
The	  effectiveness	  of	  DDT	  against	  indoor	  resting	  mosquitoes	  in	  the	  1940s	  led	  to	  the	  adoption	  
of	   the	   Global	   Eradication	   Program	   of	  Malaria	   in	   1955,	   coordinated	   and	   supported	   by	   the	  
World	  Health	  Organization	   (WHO).	   This	   program	  eradicated	   and	   reduced	  malaria	   in	  many	  
parts	  of	   the	  world	   (Europe,	  United	  States,	  South-­‐East	  Asia	  and	   India).	   For	   instance,	  also	   in	  
countries	  like	  Belgium	  and	  the	  Netherlands	  malaria	  was	  diagnosed	  in	  coastal	  districts	  in	  the	  
past	   [27].	   The	   last	   endemic	   case	   of	   malaria	   in	   the	   Netherlands	   occurred	   in	   1959.	   The	  
Netherlands	   was	   one	   of	   the	   last	   European	   countries	   that	   was	   in	   1970	   officially	   declared	  
‘malariafree’	   by	   the	   WHO.	   Several	   factors	   ultimately	   lead	   to	   the	   disappearance	   of	   the	  
malaria,	  amongst	  which	  the	  extensive	  use	  of	  DDT	  against	  mosquitoes	  had	  certainly	  a	  great	  
impact	  [28].	  	  
The	   use	   of	   DDT	   was	   not	   sustained	   in	   other	   countries	   due	   to	   factors	   such	   as	   financial	   or	  
operational	  problems,	   to	   resistance	  development	  or	  behavior	  of	   the	  malaria	  vectors,	  or	   to	  
the	  inadequate	  development	  of	  basic	  health	  services	  [29,30].	  	  
At	   a	   meeting	   of	   the	   WHO’s	   Executive	   Board	   in	   1990,	   it	   was	   proposed	   that	   a	   Ministerial	  
Conference	  on	  Malaria	  should	  be	  held	  to	  mobilize	  affected	  countries	  and	  the	   international	  
community	  to	  intensify	  the	  malaria	  control	  efforts	  [17].	  The	  Global	  Eradication	  program	  was	  
then	  abandoned	  in	  1969	  and	  replaced	  by	  a	  long	  term	  program	  in	  1992	  [30].	  In	  preparation	  of	  
the	  Ministerial	   conference,	   the	  WHO	  organized	   three	   interregional	  meetings	   from	  1991	   to	  
1992	  (in	  Brazzaville	  1991	  and	  in	  New	  Delhi	  and	  Brasilia	  1992)	  to	  develop	  an	  updated	  global	  
strategy	  against	  malaria	  [17].	  The	  1992	  Ministerial	  Conference	  on	  malaria,	  which	  took	  place	  
in	   Amsterdam	   from	   26	   to	   27	   October,	   adopted	   a	   global	   strategy	   as	   well	   as	   a	   World	  
Declaration	  on	  the	  Control	  of	  Malaria.	  The	  four	  main	  components	  of	  this	  new	  strategy	  are:	  	  
1)	  Disease	  management	  through	  early	  diagnosis	  and	  prompt	  treatment,	  	  
2)	   Planning	   and	   application	   of	   selective	   and	   sustainable	   preventive	   measures	   including	  
vector	  control,	  	  
3)	  Early	  detection	  or	  prevention	  of	  epidemics	  and	  their	  containment	  and,	  
4)	  Regular	  assessment	  of	  the	  malaria	  situation	  [26].	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1.3.2 METHODS	  TO	  CONTROL	  MALARIA	  (MALARIA	  VECTORS	  CONTROL	  METHODS)	  
Among	  the	  four	  basic	  elements	  of	   the	  new	  strategy,	  vector	   (mosquito)	  control	   is	   the	  most	  
effective	  measure	   to	   prevent	  malaria	   transmission.	   It	   aims	   to	   decrease	  malaria	  morbidity	  
and	   mortality	   by	   reducing	   the	   levels	   of	   transmission	   [31].	   Vector	   control	   has	   strongly	  
contributed	  to	  achieve	  malaria	  eradication	  in	  various	  areas	  of	  the	  world	  [29,32-­‐34].	  Malaria	  
vector	   control	   implementation	  envisages	  a	   targeted	   site-­‐specific	  use	  of	  different	  methods,	  
which	  vary	  considerably	  in	  their	  applicability,	  cost,	  and	  sustainability	  of	  their	  results.	  Indeed	  
the	  available	   vector	   control	  methods	  are	  based	  on	  environmental	  management,	  biological	  
control,	   and	   the	   use	   of	   chemicals.	  With	   rare	   exceptions,	   environmental	  management	   and	  
biological	  control	  have	  limited	  applicability	  on	  their	  own.	  Therefore,	  chemical	  control	  is	  still	  
considered	  as	  the	  most	  important	  element	  of	  the	  integrated	  control	  of	  vector	  borne	  diseases	  
[35].	  	  
However,	  close	  to	  the	  vector	  control,	  other	  strategies	  also	  successfully	  control	  mout	  break,	  
e.g	   anti	   malaria	   medicines.	   The	   artemisinin-­‐based	   combination	   therapies	   ‘ACTs’	   are	  
recommended	   as	   the	   first-­‐line	   treatment	   of	   malaria	   caused	   by	   P.	   falciparum,	   the	   most	  
dangerous	   of	   the	   Plasmodium	   parasites,	   which	   infect	   humans.	  P.	   vivax	  malaria	   should	   be	  
treated	  with	  chloroquine,	  or	  by	  an	  appropriate	  ACT	  in	  areas	  where	  P.	  vivax	  became	  resistant	  
to	  chloroquine	  [12].	  	  
Because	  this	  PhD	  concentrates	  on	  one	  of	  the	  tools	  for	  prevention	  of	  malaria,	  in	  the	  following	  
subchapters,	  tools	  implemented	  as	  malaria	  vector	  control	  methods	  are	  described.	  
	  
1.3.2.1 INDOOR	  RESIDUAL	  SPRAYING	  (IRS)	  
IRS	   is	   the	   application	   of	   a	   long-­‐lasting,	   residual	   insecticide	   on	   potential	   malaria	   vectors	  
resting	   on	   surfaces	   such	   as	   internal	   walls,	   eaves,	   and	   ceilings	   of	   houses	   or	   structures	  
(including	  domestic	  animal	  shelters)	  [36].	  IRS	  decreases	  the	  disease	  transmission	  by	  reducing	  
the	  survival	  of	  malaria	  vectors	  entering	  houses	  or	  sleeping	  units.	  Its	  main	  principle	  is	  based	  
on	  the	  behavior	  of	  the	  mosquitoes,	  because	  most	  malaria	  vectors	  enter	  human	  habitations	  
or	   animal	   shelters	   and	   rest	   on	   interior	   surfaces	   before	   and/or	   after	   feeding	   on	   the	  
inhabitants.	  So	  when	  a	  vector	  comes	  into	  contact	  with	  a	  sprayed	  surface,	  it	  absorbs	  a	  lethal	  
dose	  of	  insecticide,	  which	  shortens	  its	  lifespan	  [36].	  The	  use	  of	  chemical	  insecticides,	  such	  as	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organochlorines	   began	   in	   the	   1940’s	   [19].	   The	   arsenal	   of	   insecticides	   available	   for	   use	   in	  
public	   health	   is	   limited	   to	   four	   classes	   of	   chemicals:	   pyrethroids,	   organophosphates,	  
carbamates,	  and	  the	  organochlorine	  DDT.	  No	  new	  compounds	  were	  added	  to	  the	  market	  for	  
mosquito	   or	  malaria	   vector	   control	   since	   the	   1970’s	   [37].	   Nowadays	   insecticides	   used	   for	  
public	  health	  are	  restrictive	  and	  under	  continuous	  review	  by	  the	  WHO	  Pesticides	  Evaluation	  
Scheme	  (WHOPES).	  Insecticides	  used	  for	  IRS	  are	  characterized	  by	  their	  irritant,	  or	  repellent	  
or	   killing	   effect.	   To	  minimize	   the	   effective	   survival	   of	   the	   vector,	   insecticides	   with	   a	   high	  
killing	   effect	   are	   advised.	   The	   recommended	   list	   of	   insecticides	   for	   IRS	   against	   malaria	  
vectors	  is	  shown	  in	  Table	  1.1	  [38].	  	  
The	  type	  of	  formulation	  of	  the	  active	  substance	  plays	  also	  a	  major	  role	  on	  the	  insecticide's	  
persistence	  or	  duration	  of	   activity,	   and	  depends	  also	  on	   the	   type	  of	   the	   sprayed	   surfaces.	  
The	   operational	   manual	   for	   IRS	   for	   malaria	   transmission	   control	   and	   elimination	   [36]	  
describes	  that	  Wettable	  Powder	  (WP)	  and	  Water	  Dispersible	  Granule	  (WG)	  formulations	  are	  
most	   commonly	  used	   in	   rural	   areas	  on	  porous	   surfaces	   (such	  as	  mud	  and	   thatch	  walls)	   in	  
traditional	   buildings.	   Emulsifiable	   Concentrate	   (EC)	   formulations	   and	   Suspension	  
Concentrate	  (SC)	  formulations	  are	  used	  on	  modern	  buildings	  (finished	  cement)	  for	  spraying	  
impervious	  and	  painted	  surfaces	  (especially	  those	  where	  oil-­‐based	  paints	  have	  been	  applied)	  
because	   they	   do	   not	   cause	   spots	   and	   stains.	   The	  manual	   also	   reports	   that	  WP,	  WG,	   and	  
Capsule	  Suspension	  (CS)	  formulations	  have	  a	  longer	  residual	  effect,	  except	  on	  non-­‐absorbent	  
surfaces	  where	  the	  effectiveness	  and	  persistence	  of	  all	   three	  kinds	  of	   formulations	  are	  the	  
same.	   The	   recently	   introduced	   CS	   formulation	   type	   is	   showing	   longer	   residual	   activity	  
especially	  on	  porous	  surfaces.	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Table 1.1 WHO recommended insecticides for indoor residual spraying against malaria vectors [38]  
Insecticide compounds and 
formulation 
Class group Dosage  
(g a.i./m2) 
Mode of action Duration of 
effective action 
(months) 
DDT WP Organochlorines 1-2 Contact  > 6 
Malation WP Organophosphates 2 Contact  2-3 
Fenitrothion WP Organophosphates 2 Contact & airborne 3-6 
Pirimiphos-methyl WP & EC Organophosphates 1-2 Contact & airborne 2-3 
Pirimiphos-methyl CS Organophosphates 1 Contact & airborne 4-6 
Bendiocarb WP Carbamates 0.1-0.4 Contact & airborne 2-6 
Propoxur WP Carbamates 1-2 Contact & airborne 3-6 
Alpha-cypermethrin WP & SC Pyrethroids 0.02-0.03 Contact  4-6 
Bifenthrin WP Pyrethroids 0.025-0.05 Contact  3-6 
Cyfluthrin WP Pyrethroid 0.02-0.05 Contact  3-6 
Deltamethrin SC-PE Pyrethroid 0.02-0.025 contact 6 
Deltamethrin WP, WG Pyrethroids 0.02-0.025 Contact  3-6 
Etofenprox WP Pyrethroids 0.1-0.3 Contact  3-6 
Lambda-cyhalothrin WP, CS Pyrethroids 0.02-0.03 Contact  3-6 
	  
1.3.2.2 INSECTICIDE	  TREATED	  MATERIALS	  
Mosquitoes	   are	   often	   attracted	   by	   body	   odors,	   carbon	   dioxide,	   and	   heat	   emitted	   from	  
sleeping	   people	   [9,31,39].	   To	   protect	   humans	   against	   the	   bites	   of	   mosquitoes	   and	   other	  
insects	   during	   their	   sleep,	   nets	   are	   used	   as	   a	   physical	   barrier.	   The	   idea	  was	   to	   add	   also	   a	  
chemical	  barrier	  to	  the	  physical	  one	  by	  putting	  an	  insecticide	  on	  the	  nets,	  whereby	  a	  treated	  
net	  became	  a	  baited	  trap.	  The	  application	  of	  a	  residual	   insecticide	  to	  fabrics	  as	  a	  means	  of	  
personal	  protection	  against	  vector-­‐borne	  diseases	  started	  with	  the	  impregnation	  of	  bed	  nets	  
by	   the	   Soviet,	   German,	   and	   U.S.	   armies	   during	   the	   Second	  World	  War	   [40,41].	   The	   same	  
approach	   was	   later	   also	   applied	   to	   curtains	   over	   windows,	   doors	   and	   other	   apertures	   in	  
houses.	   So	   people	   in	   the	   house	  were	   protected	   by	   the	   impregnated	   curtains	   even	   if	   they	  
were	  not	  sleeping	  in	  bed.	  	  
Within	  the	  insecticide	  treated	  materials,	  impregnated	  mosquito	  nets	  (ITNs	  and	  LNs)	  are	  the	  
most	  common	  for	  malaria	  vector	  control	  because	  they	  can	  be	  used	  indoor	  and	  outdoor.	  This	  
is	   important	   because	   in	   tropical	   countries,	   people	   sleep	   outside	   their	   houses	   during	   hot	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seasons.	  Impregnated	  mosquito	  nets	  have	  proven	  to	  be	  able	  to	  lower	  transmission	  by	  90%,	  
malaria	   incidence	   by	   50%,	   and	   all	   cases	   of	   child	   mortality	   by	   18%	   if	   used	   by	   the	   total	  
population	  [42,43].	  They	  provide	  also	  protection	  to	  all	  people	  in	  the	  community,	  when	  they	  
are	  used	  by	  the	  majority	  of	  the	  population	  [44-­‐46].	  	  
Compared	  to	  IRS,	  the	  use	  of	  impregnated	  mosquito	  nets	  reduces	  the	  amount	  of	  insecticides	  
needed	  for	  the	  control	  of	  malaria,	  because	  the	  area	  of	  the	  nets	  required	  to	  cover	  a	  family	  is	  
much	  less	  than	  the	  area	  of	  the	  walls	  and	  ceilings	  in	  the	  houses.	  	  
	  
1.3.2.2.1 Insecticide	  Treated	  Net	  or	  conventionally	  treated	  net	  (ITN)	  
ITNs	  are	  nets	  on	  which	  insecticides	  are	  applied	  to	  repel,	  to	  disable	  and/or	  to	  kill	  mosquitoes	  
touching	   the	   netting	   material	   [47].	   Dipping	   the	   nets	   in	   an	   insecticide	   emulsion	   or	  
suspensions	  in	  water	  is	  the	  common	  way	  of	  treatment.	  After	  a	  while,	  the	  nets	  have	  to	  be	  re-­‐
treated,	  because	  a	  single	  wash	  already	  reduces	  its	  insecticidal	  activity	  by	  more	  than	  a	  half.	  	  
To	  make	  impregnated	  nets	  safe	  for	  users,	  from	  the	  four	  available	  classes	  of	  insecticides	  for	  
malaria	   vector	   control,	   only	   pyrethroids	   are	   now	   recommended	   by	   the	   WHO	   for	  
impregnation.	  Pyrethroids	  have	  a	  rapid	  knock-­‐down	  effect	  and	  a	  high	  insecticidal	  potency	  at	  
low	  dose.	  They	  have	  also	  a	   relative	   low	   toxicity	   for	  human	  contact	  and	  domestic	  handling	  
[48].	   Table	   1.2	   presents	   the	   current	   recommended	   insecticide	   products	   for	   treatment	   of	  
mosquito	  nets	  for	  malaria	  vector	  control	  [49].	  	  
Table 1.2 WHO recommended insecticide products for treatment of mosquito nets for malaria vector control [49] 
Conventional treatment 
Insecticide Formulation Dosage  
(mg of a.i./m2 of netting) 
Alpha-cypermerthrin SC 10% 20-40 
Cyfluthrin EW 5% 50 
Deltamethrin SC 1%; WT 25% and WT 25% + binder 15-25 
Etofenprox EW 10% 200 
Lambda-cyhalothrin CS 2.5% 10-15 
Permethrin EC 10% 200-500 
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Table 1.2 WHO recommended insecticide products for treatment of mosquito nets for malaria vector control [49] (Continued) 
Long-lasting treatment 
Product name Product type Status of WHO 
recommendation 
ICON® MAXX Lambda-cyhalothrin 10% CS + blinder 
Target dose of 50 mg/m2 
Interim 
	  
Studies	  have	  shown	  that	  already	  after	  two	  to	  five	  washes,	  the	   insecticide	   is	  removed	  from	  
the	  conventionally	  treated	  nets	  [50].	  As	  this	  can	  lead	  to	  the	  failure	  of	  malaria	  vector	  control,	  
a	  new	  generation	  of	   impregnated	  nets,	  called	  long-­‐lasting	  insecticidal	  nets	  (LLINs	  or	  LNs)	   is	  
gaining	  popularity.	  	  
	  
1.3.2.2.2 Long-­‐Lasting	  Insecticidal	  mosquito	  Net	  (LLIN	  or	  LN)	  
LLINs	  are	  nets	  that	  are	  treated	  only	  once,	  at	  factory	  level,	  with	  an	  insecticide	  that	   is	  either	  
incorporated	   into	   the	  textile	   fiber	  or	  coated	  around	  the	   fiber.	  LLINs	  resist	  multiple	  washes	  
and	   the	   biological	   activity	   lasts	   as	   long	   as	   the	   nets	   themselves.	   LLINs	   do	   not	   require	  
retreatment	  during	  their	  expected	   life	  span	  (3	  years)	   [50,51].	  After	  a	  wash,	  the	  technology	  
results	  a	  replenishment	  over	  time	  of	  the	  insecticide	  by	  migration	  from	  inside	  to	  outside	  the	  
fiber.	  The	  time	  required	  to	  restore	  an	  effective	  insecticide	  level	  is	  called	  “regeneration	  time”	  
[51].	  	  	  
The	   technology	   of	   LLINs	   was	   developed	   in	   the	   late	   1990’s	   as	   a	   response	   to	   the	   poor	   re-­‐
treatment	  practices	  of	  conventionally	  treated	  mosquito	  nets	  [52,53].	  	  
Today	   many	   brands	   of	   LLINs	   are	   available	   in	   the	   market.	   Knowing	   that	   only	   pyrethroid	  
insecticides	  should	  be	  used,	   the	  WHOPES	  added	  some	  criteria	   to	  attest	   the	  suitability	  of	  a	  
LLIN	  for	  malaria	  prevention.	  To	  match	  with	  these	  criteria	  a	  LLIN	  is	  defined	  according	  to	  WHO	  
guidelines	   [51,54]	  as	   “a	   factory-­‐treated	  mosquito	  net	  made	  with	  netting	  material	   that	  has	  
insecticide	  incorporated	  within	  or	  bound	  around	  the	  fibers.	  The	  net	  must	  retain	  its	  effective	  
biological	   activity	   without	   re-­‐treatment	   for	   at	   least	   20	   WHO	   standard	   washes	   under	  
laboratory	  conditions	  and	  at	  least	  three	  years	  of	  recommended	  use	  under	  field	  conditions”	  
[47,55].	  Current	  recommended	  LNs	  are	  listed	  in	  Table	  1.3	  [56].	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Table 1.3 WHO recommended long-lasting insecticidal nets (LLINs) [56] 
Product name Product type Status of 
WHO 
recommendation 
Status of 
publication 
of WHO 
specification 
DawaPlus®2.0 Deltamethrin coated on polyester Interim  Published 
Duranet®  Alpha-cypermethrin incorporated into polyethylene Full Published 
Interceptor®  Alpha-cypermethrin coated on polyester Full Published 
LifeNet® Deltamethrin incorporated into polypropylene Interim Published 
MAGNetTM  Alpha-cypermethrin incorporated into polyethylene Full Published 
Olyset® Permethrin incorporated into polyethylene Full Published 
Olyset® Plus  Permethrin and PBO incorporated into polyethylene Interim Published 
PermaNet®2.0  Deltamethrin coated on polyester Full Published 
PermaNet®3.0 Combination of deltamethrin coated on polyester with 
strengthened border (side panels) and deltamethrin and 
PBO incorporated into polyethylene (roof) 
Interim Published 
Royal Sentry® Alpha-cypermethrin incorporated into polyethylene Full Published 
Yorkool® LN Deltamethrin coated on polyester  Full Published 
	  
1.3.2.3 OTHER	  METHODS	  
The	  development	  of	  alternative	  tools	  that	  can	  complete	  or	  substitute	  conventional	  malaria	  
control	  approaches	   is	  ongoing.	   Larval	   source	  management,	   space	   spraying,	   repellents,	  and	  
fumigant	   insecticide	   dispensers	   are	   also	   recommended	   as	   effective	  malaria	   vector	   control	  
tools.	  
1.3.2.3.1 Larval	  source	  management	  (LSM)	  or	  Larval	  control	  
LSM	  describes	  any	  method	  that	  helps	  to	  prevent	  vector	  breeding	  or	  that	  kills	  the	  mosquito	  
at	   its	   larval	   stage.	   It	   is	  mainly	  based	  on	   the	   larval	   stage	  of	   the	  vector.	   It	   aims	   to	  decrease	  
malaria	   transmission	  by	   reducing	   the	  number	  of	  mosquitoes	   that	   reach	   the	  adulthood.	   Its	  
principle	  consists	  on	  the	  management	  of	  water	  bodies	  (aquatic	  habitats)	  that	  are	  potential	  
breeding	  sites	  for	  mosquitoes	  (see	  section	  1.1.2)	   in	  order	  to	  prevent	  the	  completion	  of	  the	  
immature	   development	   [57,58].	   The	   development	   and	   implementation	   of	   effective	   larval	  
control	  methods	  require	  adequate	  information	  about	  the	  distribution	  and	  behavior	  of	  vector	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larvae	  [9].	  LSM	  can	  be	  divided	  into	  environmental	  management	  to	  vector	  control,	  biological	  
control,	  and	  larviciding.	  
1.3.2.3.1.1 Environmental	  management	  to	  vector	  control	  	  
Environmental	  management	  to	  vector	  control	  refers	  to	  the	  planning,	  organization,	  carrying	  
out,	  and	  monitoring	  of	  activities	  for	  the	  modification	  and/or	  manipulation	  of	  environmental	  
factors,	   with	   the	   aim	   of	   preventing	   or	   minimizing	   vector	   breeding	   and	   reducing	   human-­‐
vector-­‐parasite	   contacts.	   According	   to	   the	   WHO,	   it	   consists	   of	   the	   reduction	   of	   the	  
population	  density	  of	  target	  species	  below	  disease	  transmission	  threshold	  levels.	  	  
As	   each	   species	   has	   a	   defined	   geographical	   distribution	   and	   occurs	   only	   in	   large	   numbers	  
when	   breeding	   sites	   with	   optimal	   physical,	   chemical,	   and	   biological	   conditions	   exist,	   the	  
environmental	   management	   measures	   depend	   on	   a	   thorough	   understanding	   of	   vector	  
ecology	   and	   population	   dynamics	   as	   well	   as	   an	   understanding	   of	   vector-­‐borne	   disease	  
epidemiology.	  	  
In	  practice	  this	  method	  consists	  of	  permanent	  destruction	  of	  breeding	  sites	  by	  cleaning	  and	  
modifying	   the	  environment	   in	  order	   to	  make	   it	  hard	   for	   the	  mosquitoes	   to	  complete	   their	  
life	  cycle	  and	  be	  able	  to	  transmit	  malaria	  [35,58].	  
	  
1.3.2.3.1.2 Biological	  control	  	  
Biological	   control	   consists	   of	   the	   introduction	   of	   predatory	   fishes	   (larvivorous	   fishes)	   or	  
invertebrates,	  parasites	  or	  disease	  organisms	   into	  the	  breeding	  sites	  [59].	  This	  method	  has	  
been	  used	  extensively	  all	  over	  the	  world	  since	  the	  early	  20th	  century	  [59],	  before	  DDT	  came	  
available.	  
	  
1.3.2.3.1.3 Larviciding	  	  
Larviciding	  is	  commonly	  identified	  as	  the	  chemical	  method	  of	  larval	  control,	  and	  consists	  to	  
the	  regular	  application	  of	  biological	  or	  chemical	  insecticides	  to	  water	  bodies	  (breeding	  sites)	  
in	   order	   to	   control	   the	   mosquitoes	   [57].	   Its	   success	   depends	   on	   the	   identification	   of	  
mosquito	  breeding	  sites	  and	  their	  distribution	  in	  the	  area,	  followed	  by	  sustained	  spraying	  of	  
recommended	   compounds	   and	   formulations	   [16,60].	   The	   applied	   chemical	   compounds	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should	  have	  a	  very	  low	  toxicity	  for	  fishes,	  birds,	  humans,	  and	  other	  mammals	  because	  they	  
may	  also	  depend	  on	  the	  water	  of	  these	  breeding	  sites.	  	  
Larviciding	   is	   a	   well-­‐proven	   preventive	   method	   that	   was	   neglected	   because	   of	   the	  
introduction	  of	  DDT	  in	  the	  1940’s	  associated	  with	  IRS.	  It	  was	  considered	  again	  in	  the	  malaria	  
control	  program	  in	  the	  21st	  century	  [16].	  It	  is	  often	  used	  in	  urban	  areas	  where	  breeding	  sites	  
are	  accessible	  and	   relatively	   limited	   in	  number	  and	   size	   [61].	   Table	  1.4	   gives	   the	  WHOPES	  
products	  for	  the	  control	  of	  mosquito	  larvae.	  
Table 1.4 WHOPES-recommended compounds and formulations for control of mosquito larvae [60] 
Insecticide compounds and 
Formulation (s) 
Class group Dosage (active ingredient) 
General (open water bodies) Container 
breeding 
(mg/L)  
(g/ha) (mg/m2) 
Bacillus thuringiensis israelensis, 
   strain AM65-52, WG (3000 ITU/mg) 
Bacterial Larvicide 125 – 750* 12.5 – 75* 1 – 5* 
 
Bacillus thuringiensis israelensis, 
   strain AM65-52, GR (200 ITU/mg) 
Bacterial Larvicide  
 
5 000 - 20 000* 500 - 2 000* - 
Chlorpyrifos EC Organophosphates 11 - 25 1.1 - 2.5 - 
Diflubenzuron DT, GR, WP  Benzoylureas 25 - 100 2.5 - 10 0.02 - 0.25 
Novaluron EC  Benzoylureas 10 - 100 1 - 10 0.01 - 0.05 
Pyriproxyfen GR  Juvenile Hormone 
Mimics 
10 - 50 1 - 5 0.01 
Fenthion EC  Organophosphates 22 - 112 2.2 - 11.2 - 
Pirimiphos-methyl EC  Organophosphates 50 - 500 5 - 50 1 
Temephos EC, GR  Organophosphates 56 - 112 5.6 - 11.2 1 
Spinosad DT, EC, GR, SC  Spinosyns 20 - 500 2 - 50 0.1 - 0.5 
Spinosad 83.3 monolayer DT Spinosyns 250 - 500 25 - 50 - 
Spinosad 25 extended release GR 
Open bodies of water 
Control of Culex quinquefasciatus in 
open bodies of water with high 
organic matter 
 
Spinosyns 
Spinosyns 
 
250 - 400 
1 000 - 1 500 
 
25 - 40 
100 - 150 
 
- 
- 
*:	  Formulated	  product.	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1.3.2.3.2 Genetically	  modification	  of	  mosquitoes	  
Because	   of	   the	   ongoing	   resistance	   of	   the	   malaria	   vector	   and	   parasite	   against	   common	  
control	  methods,	  during	   the	   last	  decade,	   the	  progress	   in	  molecular	  biology	   led	  also	   to	   the	  
creation	  of	  genetically	  modified	  mosquitoes	  that	  are	  able	  to	  resist	  the	  malaria	  parasite	  [62].	  
But	   this	   genetic	   engineering	   technology	   raises	  more	   questions	   than	   it	   answers	  well,	   as	   in	  
scientific	  as	  in	  social	  context.	  
	  
1.3.2.3.3 Space	  spraying	  
The	  application	  of	  space	  spraying	  requires	  knowledge	  on	  the	  vector	  species	  that	  should	  be	  
exophilic	  (tends	  to	  inhabit/rest	  outdoors)	  and	  exophagic	  (feeds	  outdoors).	  It	   is	  mainly	  used	  
during	   malaria	   epidemics,	   especially	   in	   camps	   for	   internally	   displaced	   people,	   where	  
infective	  mosquitoes	  must	  be	  eliminated	  rapidly	   [63].	  Such	  as	   for	   IRS,	   insecticides	  used	  for	  
space	   treatment	   are	   under	   continuous	   review	   by	   WHOPES	   [64].	   Table	   1.5	   gives	   the	  
recommended	  insecticides	  for	  this	  purpose.	  
Table 1.5 WHO recommended insecticides for space spraying against mosquitoes [64] 
Compound and formulation Indoor Outdoor 
g a.i./1000 m3 g a.i./ha 
Cold Thermal Cold Thermal 
fog fog fog fog 
Deltamethrin UL 0.5 0.05 0.5 - 1.0 0.5 - 1.0 
Deltamethrin EW - 0.05 1 - 
Lambda-cyhalothrin EC - - 1 – 2  2 
Malathion EW and UL - - 112 - 600  112 - 600  
Permethrin (25 cis: 75 trans; 10.35%w/w) + s-
bioallethrin (0.14 w/w) + piperonyl butoxide 
(9.85% w/w) EW 
0.55 
permethrin 
0.73 
permethrin 
- - 
d-d, trans-cyphenothrin EC 0.1 – 0.2 0.2 3.5 – 4.00  3.5 – 4.0  
	  
1.3.2.3.4 Use	  of	  repellents	  
Repellents	  are	  substances	  applied	  directly	  on	  the	  skin	  (as	  a	  cream,	   lotion	  or	  aerosol)	  or	  on	  
clothes	   in	   order	   to	   discourage	  malaria	   vectors	   from	   landing	   or	   climbing	   on	   human	  bodies	  
Introduction	  and	  general	  background	  
19	  
	  
[31].	   DEET	   (N,N-­‐Diethyl-­‐3-­‐methylbenzamide)	   is	   the	   most	   effective	   and	   the	   best-­‐studied	  
repellent.	  It	  is	  used	  worldwide,	  whereby	  human	  poisoning	  has	  been	  reported	  due	  to	  misuse	  
and	  specific	  over-­‐sensitivity	  [65-­‐67].	  
	  
1.3.2.3.5 Use	  of	  fumigant	  insecticide	  dispensers	  
Fumigants	   are	  widely	  used	   throughout	   the	   tropics	   for	   individual	   protection,	   particularly	   in	  
the	  form	  of	  mosquito	  coils	  and,	  in	  urban	  areas,	  in	  the	  form	  of	  electrically	  heated	  dispensers	  
[31].	  	  
	  
1.3.2.3.6 Vaccination	  
Research	  towards	  the	  development	  of	  malaria	  vaccines	  is	  ongoing	  since	  the	  1970’s	  [4].	  Up	  to	  
date	  there	  is	  no	  practical	  or	  effective	  vaccine	  that	  has	  been	  introduced	  into	  clinical	  practice.	  
One	   research	   vaccine	   against	   P.	   falciparum	   is	   most	   advanced	   and	   is	   currently	   being	  
evaluated	  in	  a	  large	  clinical	  trial	  in	  seven	  African	  countries.	  It	  is	  known	  as	  RTS,S/AS01	  [11].	  	  
	  
1.3.2.4 INTEGRATED	  VECTOR	  MANAGEMENT	  (IVM)	  
IVM	  is	  a	  rational	  decision-­‐making	  process	  for	  the	  optimal	  use	  of	  resources	  for	  vector	  control	  
[20].	  It	  is	  a	  decision-­‐making	  process	  for	  the	  management	  of	  vector	  populations	  to	  reduce	  or	  
interrupt	   the	   transmission	   of	   the	   disease.	   It	   takes	   into	   account	   the	   available	   health	  
infrastructure	   and	   resources	   and	   integrates	   all	   available	   and	   effective	   measures,	   like	  
chemical,	   biological,	   or	   environmental	   solutions.	   It	   aims	   to	   improve	   the	   efficacy,	   the	   cost-­‐
effectiveness,	  the	  ecological	  soundness,	  and	  in	  this	  way	  the	  sustainability	  of	  disease	  vector	  
control	   [21].	   IVM	  is	  based	  on	  the	  premise	  that	  effective	  control	   is	  not	  the	  sole	  preserve	  of	  
the	  health	  sector,	  but	  requires	  the	  collaboration	  of	  various	  public	  and	  private	  agencies	  and	  
community	   participation.	   The	   engagement	   of	   communities	   is	   a	   key	   factor	   in	   assuring	  
sustainability.	  	  
Another	   fact	   is	   that	   IVM	   entails	   the	   use	   of	   a	   range	   of	   interventions	   of	   proven	   efficacy,	  
separately	  or	  in	  combination,	  first	  by,	  in	  order	  to	  implement	  more	  cost-­‐effective	  control	  and	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to	   reduce	   reliance	   on	   a	   single	   intervention.	   As	   it	   is	   well	   known	   that	   the	   development	   of	  
insecticide	  resistance	  played	  a	  role	  in	  the	  breakdown	  of	  the	  malaria	  eradication	  campaign	  of	  
the	  1960s	  [20],	  IVM	  aims	  to	  extend	  the	  useful	  life	  of	  insecticides	  and	  drugs	  by	  reducing	  the	  
selection	  pressure	  for	  resistance	  development	  [21].	  
	  
1.4 OBSTACLES	  TO	  MALARIA	  CONTROL	  
	  
1.4.1 LIMITATIONS	  OF	  CURRENTS	  METHODS	  OF	  MALARIA	  VECTOR	  CONTROL	  
IRS	  is	  highly	  effective	  when	  it	  is	  properly	  applied.	  The	  success	  of	  IRS	  is	  limited	  to	  the	  support	  
of	  national	  programs	  which	  build	  up	  capacity,	  structures,	  and	  systems	  for	  effective	  control	  
[36].	  This	  structured	  approach	  is	  most	  of	  the	  time	  difficult	  to	  achieve	  in	  developing	  countries	  
where	  malaria	  is	  endemic.	  These	  requirements	  need	  adequate:	  
• Political	  commitment	  and	  social	  acceptance	  of	  IRS;	  
• Programs	  and	  health	  systems	  capable	  to	  deliver	  good-­‐quality,	  well-­‐timed,	  and	  high-­‐
coverage	  IRS;	  
• Information	  on	  local	  vectors,	  especially	  status	  of	  insecticide	  susceptibility	  and	  indoor	  
versus	  outdoor	  feeding	  and	  resting	  behavior;	  
• Sustainable	  financial,	  logistical,	  and	  human	  resources.	  
Many	   studies	   have	   shown	   that	   sleeping	   under	   impregnated	   mosquito	   nets	   reduces	  
significantly	   the	   transmission	   of	   malaria	   [68].	   But	   due	   to	   the	   cost	   of	   mosquito	   nets,	  
protection	   by	   nets	   of	   the	   whole	   population	   was	   reduced	   [69-­‐72].	   Another	   limitation	   of	  
conventionally	  treated	  nets	  is	  that	  they	  have	  to	  be	  retreated.	  A	  very	  low	  rate	  of	  retreatment	  
has	  been	  noticed	  for	  several	  reasons	  such	  as	  weaknesses	  of	  the	  logistics	  of	  the	  re-­‐treatment	  
systems,	  the	  poverty	  of	  many	  families	  which	  prevents	  them	  from	  buying	  insecticide	  kits	  for	  
re-­‐treatment,	  and	  also	  the	  fact	   that	  many	  households	  not	  want	  to	  retreat	  their	  nets	  or	  do	  
not	   think	   it	   is	   necessary	   [73].	   Also	   even	   if	   the	   improvement	   of	   impregnation	   technology	  
seems	  to	  tackle	  these	  difficulties,	  new	  obstacles	  are	  emerging	  such	  as	  firstly,	  the	  resistance	  
of	  the	  mosquitoes	  to	  pyrethroids	  because	  of	  the	  lack	  of	  an	  alternative	  class	  of	  insecticide	  for	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impregnation,	   and	   secondly,	   the	   efficacy	   of	   the	   nets	   due	   to	   the	   impact	   of	   breakdown	   by	  
sunlight	  and/or	   losses	  due	   to	  washing.	  Moreover,	  measures	   that	   rely	  on	  using	   insecticides	  
against	  the	  mosquitoes	  inside	  and	  outside	  houses	  (spraying	  and	  using	  impregnated	  bed	  nets)	  
require,	  for	  a	  successful	  control,	  that	  the	  mosquitoes	  are	  susceptible	  to	  the	  chemicals.	  	  
The	  efficacy	  of	  most	  of	  the	  other	  methods	  described	  in	  section	  1.3.2.3	  depends	  on	  the	  fact	  
they	   are	  only	  used	   in	  more	  exceptional	   circumstances	  because	   their	   operational	   costs	   are	  
high	  and	  their	  residual	  effects	  are	  low.	  	  
	  
1.4.2 POTENTIAL	  HARMFUL	  HEALTH	  EFFECTS	  OF	  THE	  USE	  OF	  PESTICIDES	  
	  
1.4.2.1 HEALTH	  CARE	  BY	  THE	  USE	  OF	  PESTICIDES	  
In	  previous	  sections	  it	  is	  described	  that	  in	  general	  chemical	  methods	  are	  the	  most	  useful	  tool	  
against	   malaria.	   In	   particular,	   IRS	   and	   LNs	   are	   the	   most	   useful	   and	   practical	   tools	   for	  
prevention.	  Their	  effectiveness	  in	  reducing	  morbidity	  and	  mortality	  from	  malaria	  is	  proved.	  
The	  power	  of	   IRS	  was	  mostly	  based	  on	  the	  use	  of	  DDT	  which	  was	  declared	   in	  2001	  by	  the	  
United	  Nations	  Environment	  Program	  (UNEP)	  as	  a	  Persistent	  Organic	  Pollutant	  (POP)	  and	  can	  
be	   used	   only	   in	   specific	   conditions,	   because	   of	   its	   harmful	   effects	   on	   humans	   and	   the	  
environment	   [74].	   	   The	  WHO	  accepts	   the	  use	  of	  DDT	  only	  under	   specific	   condition.	   So	   far	  
DDT	  is	  still	  produced	  and	  used	  for	  malaria	  vector	  control	  [75].	  	  
Also	   the	   other	   pesticides	   used	   for	   IRS	   and	   LNs	   are	   toxic	   by	   nature	   and	   may	   also	   cause	  
adverse	   effects	   to	   humans	   or/and	   the	   environment.	   To	   evaluate	   the	   risk	   of	   LNs,	   the	  
manufacturers	  are	  advised	  to	  assess	  the	  exposure	  of	  people	  sleeping	  under	  LNs	  by	  the	  use	  of	  
the	  WHO	  “Generic	  risk	  assessment	  model	   for	   insecticide	  treatment	  and	  subsequent	  use	  of	  
mosquito	  nets”	  [76,77].	  This	  model	  however	  still	  needs	  to	  be	  improved.	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1.4.2.2 RISK	  OF	  ENVIRONMENT	  POLLUTION	  BY	  PESTICIDES	  
Pesticides	  are	  used	  for	  many	  purposes.	  Being	  toxic	  products,	  they	  can	  lead	  to	  environmental	  
pollution.	   The	   use	   of	   pesticides	   in	   agriculture	   is	   one	   of	   the	   main	   sources	   of	   water	  
contamination	  [78].	  This	  contamination	  occurs	  via	  drift	  during	  pesticide	  spraying,	  by	  runoff	  
from	   treated	   areas,	   by	   leaching	   through	   the	   soil	   and	   in	   some	   cases	   from	   the	   direct	  
application	  onto	  water	  surfaces	  for	  instance	  during	  larval	  mosquito	  control.	  If	  IRS	  can	  lead	  to	  
water	  contamination,	  also	  the	  widespread	  use	  of	  LNs	  may	  raise	  questions	  on	  the	  impact	  of	  
pesticide	   released	   during	   the	  washing	   of	   the	   nets	   in	   the	  water	   resources	   and	   also	   on	   the	  
future	  use	  of	  old	  LNs	  [79].	  The	  LNs	  retain	  pesticides	  for	  more	  than	  four	  years,	  even	  old	  and	  
useless	  nets	   still	   contain	  a	   significant	  amount	  of	  pesticides	   [79].	  The	   risk	  of	  environmental	  
contamination	   is	   even	   more	   increasing	   due	   to	   improper	   and	   abusive	   use	   of	   LNs.	   Some	  
studies	  reveal	  that	  LNs	  are	  sometimes	  used	  for	  drying	  fish	  or/and	  for	  fishing,	  e.g.	   in	  Kenya	  
and	   Zambia	   [80,81],	   or	   during	   prawn	   fishing	   on	   the	   Solomon	   Islands	   [82],	   or	   for	   washing	  
sponges	  in	  Liberia	  [83].	  
Out	  of	  this	  chapter,	  the	  main	  advantages	  and	  limitations	  for	  malaria	  vector	  control	  tools	  are	  
summarized	  in	  Table	  1.6	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Table 1.6 Main advantages and limitations of malaria vector control tools 
Tools  Advantages Limitations 
Indoor Residual Spraying • Easy application 
• Effective use of pyrethroids, 
organochlorines (DDT), 
organophosphates, carbamates 
• Use of high amounts of 
insecticides 
• Lack of long-lasting IRS 
formulations 
• No availability of sufficient 
infrastructure and technical 
capacity 
• Social acceptance 
• Cost of IRS implementation 
• Restricted conditions for DDT 
use 
• Environmental problem 
• Resistance development 
Insecticide 
Treated 
Material 
Insecticide Treated Net • Indoor and outdoor use 
• Less amount of insecticide needed 
compared to IRS 
• Retreatment efficiency and 
toxicity 
• Re-treatment cost 
• Weaknesses of the logistics of 
the retreatment 
• Resistance to pyrethroids  
Long-Lasting Insecticidal 
mosquito Net 
• Treated only once at the factory 
• Resistant to multiple washes 
• Indoor and outdoor use 
• Less amount of insecticide needed 
compared to IRS 
• Cost 
• Mosquitoes resistance to 
pyrethroids  
• Long process for new LNs 
development 
Larval 
source 
management 
Environmental 
management to vector 
control 
• No use of chemical compound 
• Environmental sanitation benefit 
 
 
• Cost 
• Lack of expertise in 
understanding vector ecology 
and vector borne-disease 
epidemiology 
Biological control • No use of chemical compound • Cost 
Larviciding • Efficacy in urban areas • Water resource pollution 
• Difficult identification of 
appropriate breeding sites 
Genetically modification of mosquitoes • Good challenge for malaria vector 
resistance to insecticide 
• Social and scientific acceptance 
Space spraying • Most useful for epidemics cases in 
urban areas or refugee camps 
• Environmental problem 
• No knowledge on the vector species 
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Table 1.6 Main advantages and limitations of malaria vector control tools (Continued) 
Tools  • Advantages • Limitations 
Repellents • Individual protection • Risk of human intoxication 
Fumigant insecticide dispenser • Individual protection • Risk of human intoxication 
Vaccination • Will be the most effective tool • Changing of the parasite 
• Research cost 
Integrated vector management  • Efficient and optimal use of available 
resources 
• Challenging is the malaria vector 
resistance  
• Cost of IVM strategies 
• Participation of the 
communities needed 
	  
1.5 CONCLUSION	  
Malaria	   is	   a	   recognized	   global	   public	   health	   problem	   that	   impedes	   the	   economic	  
development	  of	  most	  of	  the	  endemic	  countries.	  Malaria	  control	  requires	  a	  large	  knowledge	  
about	   its	   parasites,	   its	   vectors,	   and	  how	   the	  disease	   is	   transmitted.	  National	   governments	  
implement	   together	   with	   Non-­‐Governmental	   Organizations	   (NGOs)	   and	   international	  
institutes	  such	  as	  the	  WHO	  and	  the	  Roll	  Back	  Malaria	  (RBM),	  programs	  and	  policies	  to	  fight	  
against	   the	   disease.	   Strategies	   were	   developed	   for	   financial	   mobilization,	   vector	   control,	  
chemoprevention,	  diagnostic,	  malaria	  treatment,	  and	  malaria	  surveillance.	  	  
Concerning	  the	  vector	  control,	  IRS	  and	  LLINs	  are	  the	  two	  most	  powerful	  methods	  for	  malaria	  
prevention	   [84].	   Close	   to	   them,	   larval	   source	   management,	   genetically	   modification	   of	  
mosquito,	   space	   spraying,	   repellents,	   and	   fumigant	   insecticide	   dispensers	   are	   also	   useful.	  
Concerning	  malaria	  vaccines,	  some	  promising	  results	  are	  expected	  by	  2014	  [4].	  	  
But,	  taking	   into	  account	  the	  spread	  of	  resistance	  to	  anti-­‐malarial	  drugs	  and	  to	  pyrethroids,	  
and	   the	   risk	   of	   environmental	   pollution	  by	   the	  use	  of	   IRS	   and	   LNs,	   research	   is	   facing	  new	  
challenges	   for	   malaria	   control.	   At	   a	   short	   time,	   the	   best	   use	   of	   integrated	   vector	  
management	  or/and,	   at	   a	   long	   time	   the	   success	  of	   the	  vaccination	  against	  malaria	   can	  be	  
considered.	  	  
	  
	  
25	  
	  
CHAPTER	  2: RESEARCH	  OBJECTIVES	  
	  
This	  chapter	  gives	  the	  research	  objectives	  followed	  by	  the	  outline	  of	  this	  thesis.	  
	  
	  
2.1 FRAMEWORK	  OF	  RESEARCH	  
	  
Vector	   control	   has	   proven	   to	   be	   the	   most	   effective,	   of	   the	   four	   strategies	   proposed	   to	  
control	  malaria	  worldwide.	  An	  overview	  of	  all	  methods	  for	  malaria	  vector	  control	  is	  given	  in	  
Chapter	  1.	  The	  use	  of	  bed	  nets	  treated	  with	  insecticides	  remains	  one	  of	  the	  best	  methods.	  Its	  
success	  is	  based	  on	  the	  hard	  work	  of	  manufacturers	  to	  make	  the	  nets	  easier,	  safer,	  and	  more	  
efficient	   for	   households.	   Indeed,	   conventionally	   treated	   nets	   evolved	   into	   long-­‐lasting	  
insecticidal	  mosquito	  nets.	  Because	  of	  the	  widespread	  use	  of	  LNs	  and	  because	  LNs	  contain	  
insecticides,	  many	  requirements	  have	  to	  be	  fulfilled	  before	  use.	  Reliable	  methods	  are	  looked	  
for	   to	   check	   the	   amount	   of	   pesticides	   used	   and	   also	   to	   know	   if	   the	   LNs	   are	   still	   effective	  
against	   mosquitoes	   after	   being	   in	   use	   for	   a	   while.	   Additionally	   to	   these	   concerns,	   some	  
questions	  arise	  like:	  “How	  LNs	  should	  be	  used	  and	  washed?	  Which	  detergent	  should	  be	  used	  
during	  the	  washing	  process?	  How	  should	  LNs	  dry,	   inside	  or	  outside,	  exposed	  to	  sunlight	  or	  
not?”	  
Next	  to	  the	  fact	  that	  the	  cleaning	  or	  washing	  of	  LNs	  has	  an	  impact	  on	  the	  quality	  and	  efficacy	  
of	  the	  nets,	  the	  use	  of	  insecticides	  coated	  or	  incorporated	  into	  the	  nets	  may	  lead	  to	  human	  
and	  environmental	  exposure.	  This	  leads	  to	  research	  questions	  like:	  “Are	  LNs	  safe	  for	  human	  
contact?	  What	  about	  the	  long	  term	  effects	  of	  human	  exposure?	  Knowing	  that	  pesticides	  are	  
released	   during	   the	   washing	   step,	   what	   is	   the	   potential	   of	   LNs	   to	   contaminate	   water	  
resources?”	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2.2 RESEARCH	  OBJECTIVES	  
	  
The	  main	  objectives	  of	   this	   PhD	   thesis	  were	  on	   the	  one	   side,	   to	   investigate	   the	  effects	   of	  
washing	  and	  drying	  on	  the	  insecticide	  residue	  of	  Long-­‐Lasting	  Insecticidal	  Mosquito	  Nets	  and	  
on	  the	  other	  side	  to	  assess	  human	  and	  environmental	  exposure	  to	  pesticides	  in	  Long-­‐Lasting	  
Insecticidal	  Mosquito	  Nets.	  
Following	  the	  research	  questions	  mentioned	  in	  Section	  2.1,	  the	  specific	  objectives	  were:	  
1. To	   review	   literature	   and	   to	   situate	   Long-­‐Lasting	   Insecticidal	   Mosquito	   Nets	   (LNs)	  
along	  the	  effective	  methods	  for	  malaria	  vector	  control;	  
2. To	   validate	   a	   suitable	   analytical	  method	   to	   analyze	   insecticides	   commonly	   used	   in	  
LNs;	  
3. To	  evaluate	  the	  effect	  of	  washing	  on	  the	  release	  of	  the	  insecticide	  active	  ingredient	  
content	  for	  different	  brands	  of	  LNs;	  	  
4. To	  evaluate	  the	  effect	  of	  UV	  light	  on	  the	  breakdown	  of	  the	  active	  ingredient	  content	  
of	  LNs;	  	  
5. To	  compare	  the	  laboratory	  hand	  washing	  simulation	  to	  a	  domestic	  washing	  method	  
with	  a	  proposed	  detergent;	  
6. To	   develop	   an	   approach	   to	   assess	   the	   dermal	   and	   inhalation	   exposure	   for	   people	  
sleeping	  under	  LNs;	  
7. To	  assess	  environmental	  contamination	  due	  to	  the	  use	  of	  LNs.	  
	  
2.3 THESIS	  OUTLINE	  
	  
The	  research	  of	  this	  thesis	  is	  presented	  in	  six	  chapters	  (Figure	  2.1):	  
The	   first	   section	   (Chapter	   1)	   gives	   a	   general	   introduction	   to	   malaria	   and	   malaria	   vector	  
control.	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The	  second	  section	  (Chapter	  2)	  gives	  the	  research	  objectives,	  followed	  by	  the	  outlines	  of	  this	  
thesis.	  
In	  the	  third	  section	  (Chapter	  3),	  a	   literature	  review	  is	  done	  to	  collect	   information	  to	  assess	  
the	  efficacy	  of	  mosquito	  control	  by	   impregnated	  nets.	  An	  analytical	  method	  is	  validated	  to	  
control	  the	  quality	  of	  LNs	  as	  well	  as	  to	  perform	  the	  research	  in	  Chapter	  4	  and	  5.	  	  
The	  fourth	  section	  (Chapter	  4)	  studies	  the	  release	  of	  the	  active	  ingredients	  of	  3	  brands	  of	  LNs	  
as	   a	   function	   of	   the	   number	   of	   washing	   steps.	   It	   compares	   the	   ISO	   6330:2000	   machine	  
washing	   and	   the	   laboratory	   hand	   washing	   simulation	   using	   a	   proposed	   detergent.	   The	  
simulations	  of	  indoor	  and	  outdoor	  drying	  with	  UV-­‐light	  of	  the	  washed	  LNs	  are	  worked	  out	  to	  
compare	  whether	  a	  significant	  difference	  exists.	  	  	  	  	  
The	  aim	  of	  the	  fifth	  section	  (Chapter	  5)	   is	  to	  study	  an	  approach	  to	  assess	  human	  exposure	  
while	  touching	  and	  sleeping	  under	  LNs.	  It	  also	  deals	  with	  environmental	  contamination	  due	  
to	  the	  use	  of	  impregnated	  mosquito	  nets.	  	  
The	  sixth	  section	  (Chapter	  6)	  discusses	  and	  recapitulates	  the	  main	   findings	  of	   the	  research	  
done.	  It	  also	  gives	  recommendations	  for	  future	  research.	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Figure	  2.1	  Schematic	  overview	  of	  the	  thesis	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CHAPTER	  3: METHODS	  TO	  ASSESS	  THE	  EFFICACY	  OF	  
IMPREGNATED	  MOSQUITO	  NETSii	  
	  
	  
	  
This	  chapter	  presents	  a	   literature	  review	  and	  information	   in	  order	  to	  assess	  the	  efficacy	  of	  
impregnated	  mosquito	  nets.	  From	  the	  available	  assessment	  methods,	  an	  analytical	  method	  
is	   validated	   for	   measuring	   the	   pesticide	   residues	   of	   impregnated	   or	   coated	   nets	   for	  
performing	  the	  research	  of	  chapters	  4	  and	  5.	  	  
	  
3.1 ABSTRACT	  
	  
Nowadays	  long-­‐lasting	  insecticidal	  mosquito	  nets	  (LNs)	  are	  frequently	  used	  around	  the	  world	  
to	  protect	  people	  against	  malaria	  vectors.	  As	  they	  contain	   insecticide,	   laboratory	  control	   is	  
needed	  to	  check	  whether	  the	  content	  of	  the	  active	  ingredient	  follows	  the	  manufacturing	  or	  
WHO	   specifications	   and	   also	   if	   the	   LN	   is	   still	   efficient	   after	   some	   time	   of	   use.	   For	   this	  
purpose,	   biological	   and	   analytical	  methods	   have	   to	   be	   developed.	   For	   the	   biological	   test,	  
WHOPES	   provides	   a	   standardized	   suitable	   method	   to	   be	   performed	   by	   experienced	  
technicians.	  Due	  to	  the	  fact	  that	  LNs	  include	  a	  range	  of	  polymers	  for	  the	  yarn	  and	  use	  coated	  
or	   incorporated	   technologies	   for	   the	   active	   ingredient,	   it	   is	   a	   challenge	   to	   find	   a	   single	  
analytical	  method	  to	  determine	  the	  active	  ingredient	  in	  LNs,	  which	  takes	  into	  account	  both	  
impregnation	  technologies.	  Some	  methods	  that	  are	  provided	  by	  international	  organizations	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
ii	  Part	  of	  this	  chapter	  was	  adapted	  from:	  
Ouattara,	   J.P.N.,	   Pigeon,	   O.,	   and	   Spanoghe,	   P.	   (2013)	   Validation	   of	   a	   multi-­‐residue	   method	   to	  
determine	   deltamethrin	   and	   alpha-­‐cypermethrin	   in	   mosquito	   nets	   by	   gas	   chromatography	   with	  
electron	  capture	  detection	  (GC-­‐μECD).	  Parasites	  &	  Vectors	  2013	  6:77,	  DOI:	  10.1186/1756-­‐3305-­‐6-­‐77.	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are	  limited	  to	  the	  determination	  of	  only	  one	  pesticide	  per	  method.	  The	  aim	  of	  this	  study	  was	  
to	  optimize	  a	  short	  time	  extraction	  method	  for	  deltamethrin	  and	  alpha-­‐cypermethrin	  from	  
coated	  and	  incorporated	  mosquito	  nets	  and	  also	  to	  detect	  both	  insecticides	  in	  one	  analytical	  
run,	  using	  gas	  chromatography	  with	  electron	  capture	  detection	  (GC-­‐μECD).	  
	  
3.2 INTRODUCTION	  
	  
Long-­‐lasting	   insecticidal	   mosquito	   nets	   (LNs)	   become	   more	   and	   more	   important	   for	   the	  
control	   and	   prevention	   of	   diseases	   like	  malaria.	   LNs	   ready	   to	   use	   for	   personal	   protection	  
should	  provide	  safety	  and	  have	  proven	  efficacy.	  Standardized	  procedures	  and	  methods	  are	  
needed	   for	   this	   evaluation.	   Because	   LNs	   contain	   insecticides,	   they	   are	   considered	   by	   the	  
Food	   and	   Agriculture	   Organization	   (FAO)	   of	   the	   United	   Nations	   and	   World	   Health	  
Organization	   (WHO)	   as	   pesticides	   formulations	   [85].	   Evaluation	   procedures	   and	   methods	  
have	  been	  considered	  by	  FAO	  and	  WHO	  for	  their	  control.	  LNs	  must	  meet	  some	  requirements	  
for	   efficacy,	   washing	   resistance,	   and	   safety	   during	   regulatory	   monitoring,	   import/export	  
certification,	  and	  risk	  assessment.	  To	  check	  whether	  the	  requirements	  are	  fulfilled,	  biological	  
and	  chemical	  analyses	  have	  to	  be	  done.	  Methods	  recommended	  by	  international	   institutes	  
for	  biological	   tests	   (bioassay)	  as	  well	  as	  chemical	  analysis	  have	  been	  established	  or	  are	  on	  
going.	   Indeed,	   WHOPES	   suggests	   a	   standard	   bioassay	   test	   while	   the	   Collaborative	  
International	   Pesticides	   Analytical	   Council	   (CIPAC)	   [86]	   that	   promotes	   the	   international	  
agreement	  on	  methods	  for	  the	  analysis	  of	  pesticides	  and	  physico-­‐chemical	  test	  methods	  for	  
formulations,	   provides	   some	   specific	   methods	   in	   order	   to	   meet	   the	   urgent	   need	   to	  
characterize	  LNs.	  Efforts	  are	  undertaken	  to	  standardize	  the	  bioassay	  test	  to	  be	  used	  for	  all	  
LNs.	   However,	   not	   much	   attention	   is	   paid	   to	   chemical	   analysis,	   where	   a	   good	   single	  
analytical	  method	   should	   be	   available	   for	   the	   determination	   of	   the	   active	   ingredient.	   The	  
International	   Organization	   for	   Standardization	   and	   the	   International	   Electro	   Technical	  
Commission	   (ISO/IEC)	   through	   the	   ISO/IEC	   17025:2005	   [87]	   asks	   to	   validate	   the	   tests	   and	  
analytical	  methods	  when	  they	  are	  not	  standardized	  or	  when	  standardized	  methods	  are	  used	  
outside	   their	   scope.	   As	   LNs	   include	   a	   range	   of	   polymers	   for	   the	   yarn	   and	   use	   coated	   or	  
incorporated	   technologies	   for	   the	   active	   ingredient,	   it	   seems	   that	   even	   if	   harmonized	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analytical	  methods	  as	  provided	  by	  CIPAC	  are	  used,	  technological	  variations	  within	  LN	  types	  
are	  too	  large	  to	  cover	  the	  determination	  of	  the	  active	  ingredient	  content	  in	  all	  LNs	  with	  one	  
method.	  So	  a	  good	  compromise	  has	  to	  be	  found	  between	  the	  need	  to	  harmonize	  analytical	  
methods	   for	   quality	   control	   purpose	   and	   the	   need	   to	   establish	   accurate	   specifications	  
suitable	   for	  each	   type	  of	   LN	   [88].	   To	   cover	   the	  analysis	  of	   all	   the	   types	  of	  nets	   (coated	  or	  
incorporated,	   different	   insecticides,	   baseline	   dose	   or	   residue	   amount	   of	   insecticides),	   a	  
laboratory	  today	  needs	  to	  use	  several	  analytical	  methods.	  
The	  drawbacks	   of	   using	   a	   different	  method	   for	   each	   insecticide	   and	   each	   LN	   are	   the	  high	  
demand	  of	  manpower,	  solvents,	  equipment	  and	  laboratory	  space.	  There	  is	  an	  urgent	  need	  to	  
develop	  more	   cost-­‐effective	   analytical	   procedures	   [89].	   The	   challenge	   here	   was	   to	   find	   a	  
multi-­‐pesticide	  method	   for	   the	   determination	   of	   insecticides	   in	   different	   types	   of	   LNs	   for	  
different	  purposes.	  
	  
3.3 RECOMMENDED	  METHODS	  
	  
Some	   standardized	   procedures	   and	   guidelines	   for	   LNs	   quality	   and	   safety	   control	   were	  
provided	   to	   national	   authorities	   and	   industries	   as	   a	   framework.	   Biological	   and	   chemical	  
analyses	  are	  the	  commonly	  used	  methods.	   	  A	  short	  description	  on	  how	  biological	  tests	  are	  
set	  up	   is	  given	   in	   the	   following.	  Because	  this	  PhD	  concentrates	  on	  chemical	  analysis,	  more	  
information	  is	  given	  on	  chemical	  analysis	  after.	  
	  
3.3.1 BIOLOGICAL	  METHODS	  FOR	  LNS	  CONTROL	  
A	   standard	  WHO	   cone	   bioassay	   and,	   if	   necessary,	   a	   tunnel	   test	   is	   used	   to	   determine	   the	  
efficacy	  of	   LNs	  according	   to	   the	  WHO	   ‘Guidelines	   for	   laboratory	  and	   field-­‐testing	  of	   LLINs’	  
[51].	  These	  tests	  are	  done	  with	  a	  strain	  of	  Anopheles	  mosquitoes	  that	  is	  fully	  susceptible	  to	  
the	  insecticide	  used	  in	  the	  LLIN.	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3.3.1.1 WHO	  CONE	  BIOASSAYS	  
According	   to	   the	   WHO	   Guidelines	   [51],	   five	   susceptible	   non-­‐blood-­‐fed	   female	   Anopheles	  
mosquitoes	  of	  two	  to	  five	  days	  old	  are	  introduced	  into	  a	  cone	  fixed	  on	  a	  piece	  of	  25	  cm	  x	  25	  
cm	  of	  the	  net	  (Figure	  3.1).	  Up	  to	  four	  cones	  at	  a	  time	  may	  be	  attached	  to	  the	  piece	  and	  five	  
mosquitoes	  are	  released	   in	  a	  cone.	  Mosquitoes	  are	  consequently	  exposed	  to	  the	  net	   for	  3	  
min,	  after	  which	  they	  are	  held	  for	  24	  h	  with	  access	  to	  sugar	  solution.	  Knockdown	  is	  observed	  
60	  min	  after	  exposure	  and	  mortality	  after	  24	  h.	  The	  procedure	  should	  be	   repeated	  until	  a	  
total	  of	  50	  mosquitoes	  have	  been	  exposed	  to	  the	  net	  piece.	  	  Bioassays	  should	  be	  carried	  out	  
at	  27	  ±	  2	  °C	  and	  75%	  ±	  10%	  relative	  humidity.	  	  
	    
Figure	  3.1	  Cone	  bioassay	  of	  long-­‐lasting	  insecticidal	  mosquito	  netsiii	  [51].	  
3.3.1.2 TUNNEL	  TESTS	  
A	  tunnel	  test	   is	  used	  to	  measure	  the	  mortality	  and	  blood	  -­‐	   feeding	  success	  of	  host-­‐seeking	  
mosquitoes	   in	   an	   experimental	   chamber	   [51]	   (Figure	   3.2	   and	   Figure	   3.3).	   The	   test	   is	  
particularly	  used	  for	  insecticides	  that	  have	  a	  high	  excito-­‐repellent	  effect,	  such	  as	  permethrin	  
and	  etofenprox	  because	  the	  efficacy	  of	  such	  treated	  nets	  may	  be	  underestimated	  if	  judged	  
based	  on	  the	  outcome	  of	  standard	  cone	  bioassays.	  
The	   piece	   of	   net	   that	   resulted	   in	   mortality	   close	   to	   the	   mean	   mortality	   during	   the	   cone	  
bioassay	  is	  used	  in	  the	  tunnel	  test.	  	  
According	  to	  the	  WHO	  guidelines	  [51],	   the	  assay	   is	  carried	  out	   in	  a	   laboratory	  by	  releasing	  
non-­‐blood-­‐fed	  female	  Anopheline	  mosquitoes	  aged	  5–8	  days	   into	  a	  60-­‐cm	  tunnel	   (25	  cm	  x	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
iii	   Courtesy	  of	  Dr	  Vincent	  Corbel,	   Institut	   de	  Recherche	  pour	   le	  Développement,	  Montpellier,	   France.	   The	  
holding	  board	  is	  held	  slanted	  at	  45°	  
9 
piece each from four different nets should be tested. Up to four 
cones at a time may be attached to a piece of netting, and five 
mosquitoes at one time should be exposed in a cone. This 
procedure should be repeated until a total of 50 mosquitoes 
have been exposed to each piece. Results should be reported 
for each net tested and for the four nets (4 pie es x 10 c ne 
tests x 5 mosquitoes = 200 mosquitoes). Mosquitoes exposed 
to untreated net pieces are used as controls; they should be 
tested each day, just before and just after testing treated 
netting material. If the mort lity in c trols on any day is < 1
the results for that day should be adjusted by Abbott’s 
formula.10 If the mortality in controls is > 1011 on a given day, 
the results for that day are considered invalid and sho ld be 
discarded. Bioassays should be carried out at 27 ± 2 °C and 
75 ± relative humidity. 
 
Figure 3. Cone bioassay of long-lasting insecticidal mosquito 
nets. Courtesy of Dr Vincent Corbel, Institut de Recherche pour le 
Développement, Montpellier, France. The holding board is held slanted at 
45q.  
                  
10 $EERWW¶VIRUPXOD$GMXVWHGPRUWDOLW\ [X–Y) / (100–Y), where X 
is the percentage mortality with the candidate LN, and Y is the percentage 
mortality with t  untr ated control sample. 
11 In the previous WHO guidelines, a study was considered to be invalid when 
PRUWDOLW\DPRQJFRQWUROVZDV! The present guideline recommends a 
PD[LPXPRIPRUWDOLW\LQFRQWURODVWKHcriterion for correction.  
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25	   cm	   square	   section)	   made	   of	   glass.	   At	   each	   end	   of	   the	   tunnel,	   a	   25-­‐cm	   square	   cage	  
covered	   with	   polyester	   netting	   is	   fitted	   (extension).	   The	   LN	   netting	   sample,	   held	   in	   a	  
disposable	   cardboard	   frame,	   is	   placed	   at	   one	   third	   of	   the	   length	   of	   the	   glass	   tunnel.	   The	  
surface	  of	  netting	  available	  to	  the	  mosquitoes	  is	  400	  cm2	  (20	  cm	  x	  20	  cm),	  with	  nine	  holes	  1	  
cm	  in	  diameter;	  one	  hole	  is	  located	  at	  the	  center	  of	  the	  square,	  and	  the	  other	  eight	  holes	  are	  
equidistant	  and	   located	  5	  cm	  from	  the	  border.	   In	   the	  shorter	  section	  of	   the	  tunnel	   (Figure	  
3.3,	  area	  C2),	  a	  suitable	  bait	  (e.g.	  a	  guinea-­‐pig	  or	  a	  rabbit)	  is	  placed,	  which	  is	  unable	  to	  move	  
and	  is	  available	  for	  mosquito	  biting.	  One	  hundred	  female	  mosquitoes	  are	  introduced	  into	  the	  
cage	  at	  the	  end	  of	  the	  longer	  section	  of	  the	  tunnel	  (Figure	  3.3,	  area	  C1).	  They	  are	  free	  to	  fly	  
in	  the	  tunnel	  but	  have	  to	  make	  contact	  with	  the	  piece	  of	  netting	  and	  locate	  the	  holes	   in	   it	  
before	  passing	  through	  to	  reach	  the	  bait.	  After	  taking	  a	  blood	  meal,	  the	  mosquitoes	  may	  fly	  
back	  to	  the	  cage	  at	  the	  end	  of	  this	  compartment	  and	  rest.	  A	  tunnel	  with	  untreated	  netting	  is	  
always	  used	  as	  a	  negative	  control.	  During	  the	  tests,	  the	  tunnels	  and	  cages	  are	  held	  at	  27	  ±	  
2°C	  and	  75%	  ±	  10%	  relative	  humidity	  (RH)	  at	  night	  in	  full	  darkness.	  After	  an	  exposure	  of	  12	  to	  
15	  hours,	  the	  mosquitoes	  are	  removed	  from	  each	  section	  of	  the	  tunnel	  with	  a	  glass	  suction	  
tube	  and	  counted	  separately;	  mortality	  and	  blood-­‐feeding	  rates	  are	  recorded.	  	  
The	  blood-­‐feeding	   inhibition	   is	  assessed	  by	  comparing	  the	  proportion	  of	  blood-­‐fed	  females	  
(alive	  or	  dead)	  in	  treated	  tunnels	  with	  those	  in	  control	  tunnels.	  Overall	  mortality	  is	  measured	  
by	  pooling	  the	  mortality	  rates	  of	  mosquitoes	  from	  the	  two	  sections	  of	  the	  tunnel.	  
	  
Figure	  3.2	  Tunnel	  made	  of	  glass	  for	  studying	  the	  efficacy	  of	  long-­‐	  lasting	  insecticidal	  netsiv	  [51].	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
iv	  Courtesy	  of	  Dr	  Vincent	  Corbel,	  Institut	  de	  Recherche	  pour	  le	  Développement,	  Montpellier,	  France.	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mosquitoes aged 5–8 days i to a 60-cm tunn l (25 cm x 25 cm 
square section) made of glass.13 At each end of the tunnel, a 
25-cm square cage covered with polyester netting is fitted 
(extension). The LN netting sample, held in a disposable 
cardboard frame, is placed at one third the length of the glass 
tunnel. The surface of netting available to the mosquitoes is 
400 cm2 (20 cm x 20 cm), with nine holes 1 cm in diameter; one 
hole is located at the centre of the square, and th  other eight 
are equidistant and located 5 cm from the border. In the shorter 
section of the tunnel (Figure 5, area C2), a suitable bait (e.g. 
guinea-pig or rabbit) is placed, which is unable to move and is 
available for mosquito biting. One hundred female mosquitoes 
are introduced into the cage at the end of the longer section of 
the tunnel (Figure 5, area C1). They are free to fly in the tunnel 
but have to make contact with the piece of netting and locate 
the hol s in it b fore passing through to reach the bait. Afte  
taking a blood meal, the mosquitoes may fly back to the cage 
at the end of this compartment and rest. A tunnel with 
untreated netting is always used as a negative control. 
 
 
 
Figure 4. Tunnel made of glass for studying the efficacy of long-
lasting insecticidal nets. Courtesy of Dr Vincent Corbel, Institut de 
Recherche pour le Développement, Montpellier, France 
                  
13 The tunnel should be made of glass and not made of absorbent 
material.  
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Figure	   3.3.	   Tunnel	   used	   for	   studying	   the	   efficacy	   of	   long-­‐lasting	   insecticidal	   nets,	   with	   extensions	   on	   either	   side	   to	   fix	  
mosquito	  cagesv	  [51].	  
3.3.2 CHEMICAL	  ANALYSIS	  FOR	  LNS	  CONTROL	  
	  
3.3.2.1 METHODS	  
3.3.2.1.1 Literature	  search	  
A	   literature	   search	   on	   pesticides	   determination	   in	   mosquito	   nets	   was	   carried	   out	   by	  
consulting	  the	  ISI	  Web	  of	  Knowledge	  and	  on	  the	  CIPAC	  web	  site.	  The	  following	  combinations	  
of	   keywords	   were	   used	   for	   the	   literature	   search:	   mosquito	   nets,	   analytical	   method,	  
validation,	  pesticide,	  deltamethrin,	  alpha-­‐cypermethrin,	  and	  chromatography	  analysis.	  Only	  
the	  articles	  in	  open	  literature	  relevant	  to	  this	  work	  were	  kept.	  Reference	  sections	  within	  the	  
articles	  obtained	  were	  used	   to	   find	  more	   studies	   that	  might	  have	  been	  missed	  during	   the	  
general	   search	  on	   ISI	  Web	  of	  Knowledge.	  The	  outcome	  of	   the	   literature	   review	   is	   given	   in	  
section	   3.3.2.2.1.	   Based	   on	   the	   literature,	   a	   new	   multi-­‐pesticide	   method	   is	   proposed	   for	  
validation	  and	  for	  use	  as	  well	  as	  quality	  control	  purpose	  as	  the	  PhD	  study.	  Details	  of	  the	  new	  
method	  derived	  from	  literature	  and	  developed	  and	  validated	  in	  the	  laboratory	  are	  presented	  
in	  the	  following	  sections	  of	  this	  chapter.	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
v	  Courtesy	  of	  Dr	  Stéphane	  Duchon,	  Institut	  de	  Recherche	  pour	  le	  Développement,	  Montpellier,	  France.	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Figure 5. Tunnel used for studying the efficacy of long-lasting 
insecticidal nets, with extensions on either side to fix mosquito 
cages. Courtesy of Dr Stéphane Duchon, Institut de Recherche pour le 
Développement, Montpellier, France 
During the tests, the tunnels and cages are held at 27 ± 2 °C 
and 75 UHODWLYHKXPLGLW\DWQLJKWin full darkness. After 
an exposure of 12–15 h, the mosquitoes are removed from 
each section of the tunnel with a glass suction tube and 
counted separately; mortality and blood-feeding rates are 
recorded. Blood-feeding inhibition is assessed by comparing 
the proportion of blood-fed females (alive or dead) in treated 
and control tunnels. Overall mortality is measured by pooling 
the mortality rates of mosquitoes from the two sections of the 
tunnel. 
Mortality on the LNs should be corrected for mortality in the 
controls with Abbott’s formula. If mortality in the controls is 
> 1WKHtest should be considered invalid. 
As blood-feeding by controls has a considerable effect on 
mo tality in the presence of treated sample  (i.e. the host-
seeking behaviour increases the chance of contact with treated 
fabric), a minimum cut-off value of the blood-feeding rate 
in controls should be established for tunnel tests. 
A sample data collection sheet for tunnel tests is provided in 
Annex 5. 
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3.3.2.1.2 Chemical	  and	  reagents	  
Xylene	  analytical	  grade	  reagent	  was	  purchased	  from	  Sigma-­‐Aldrich	  Logistik	  GmbH,	  Germany.	  
Deltamethrin	   (Figure	   3.4)	   standard	   with	   99%	   purity	   and	   alpha-­‐cypermethrin	   (Figure	   3.5)	  
standard	  with	  97.5%	  purity	  were	  purchased	  from	  Dr.	  Ehrenstorfer	  GmbH.	  
Deltamethrin	  technical	  (99.2%)	  was	  purchased	  from	  Bayer	  CropScience.	  Alpha-­‐cypermethrin	  
technical	  (100.0%)	  was	  given	  by	  BASF	  Chemical	  Company.	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Figure	  3.4	  Structural	  formula	  of	  deltamethrin	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  3.5	  Structural	  formula	  of	  alpha-­‐cypermethrin	  	  	  
	  	  
The	   main	   physico-­‐chemical	   properties	   of	   deltamethrin	   and	   alpha-­‐cypermethrin	   are	  
summarized	  in	  Table	  3.1	  
Table 3.1 Physico-chemical properties of deltamethrin and alpha-cypermethrin 
Physico-chemical properties Deltamethrin Alpha-cypermethrin 
Molecular formula C22H19Br2NO3 C22H19Cl2NO3 
Molecular weight 505.2 416.3 
Vapor pressure 1.24x10-5 mPa at 25°C 2.3x10-2 mPa at 20°C 
LogKOW  4.6 at 25°C 6.94 at pH 7 
Solubility in water <0.2 µg/l at 25°C 0.01 mg/l at 25°C 
Stability Extremely stable exposed to air Stable to air 
UV sensitivity Under UV radiation and in sunlight, a 
cis-trans isomerization, splitting of the 
ester bond, and loss of bromine occur 
Stable to light 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3.3.2.1.3 Materials	  
A	  net	  made	  of	  polyester	  without	  any	   insecticide	  was	  given	  by	  Utexbel	  S.A.	  and	  was	  called	  
blank	  sample.	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Two	   impregnation	   technologies	   of	  mosquito	   nets	  were	   analyzed	   for	   the	   evaluation	   of	   the	  
proposed	  method.	  Table	  3.2	  gives	  an	  overview	  of	  the	  manufacturers	  and	  the	  characteristics	  
of	  the	  used	  insecticides	  and	  impregnation	  of	  the	  nets.	  
Table 3.2 Characteristics of LNs provided by the manufacturer 
Net type Technology Company Material Active ingredient 
 
Fabric Weight 
(g/m2) 
Insecticide Content 
(mg/m2) 
Interceptor® Coated BASF Chemical Company 100% polyester 
multifilament 
40 alpha-
cypermethrin 
200 
PermaNet®2.0 Coated Vestergaard Frandsen SA 100% polyester 
multifilament 
30 deltamethrin 55 
Netprotect® Incorporated Dean Superior Textile Co. 100% 
Polyethylene 
44 deltamethrin 79 
	  
	  
3.3.2.1.4 Preparation	  of	  calibration	  solution	  
	  	  
3.3.2.1.4.1 Stock	  solution	  
Individual	   stock	   solutions	   of	   500	   μg/mL	   of	   deltamethrin	   and	   alpha-­‐cypermethrin	   were	  
prepared	   in	   xylene.	   From	   the	   individual	   stock	   solutions,	   a	   mixture	   stock	   solution	   of	  
deltamethrin	  and	  alpha-­‐cypermethrin	  was	  prepared	  in	  xylene	  at	  50	  μg/mL.	  
	  
3.3.2.1.4.2 Calibration	  solutions	  	  
From	   the	   mixture	   stock	   solution,	   different	   concentration	   levels	   (0.01,	   0.1,	   0.5,	   1,	   3,	   5,	   7	  
μg/mL)	  were	  prepared	  by	   appropriate	   dilution	  with	   xylene	   to	   obtain	   the	   calibration	   curve	  
solutions.	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3.3.2.1.5 Sample	  preparation	  
	  
3.3.2.1.5.1 Fortification	  solution	  
Three	  concentration	   levels	  of	   fortification	  solutions	  were	  prepared	  with	  pesticide	  technical	  
products.	   The	   high	   level	   of	   fortification	   solution	   with	   a	   concentration	   of	   1200	   μg/mL	   of	  
deltamethrin,	   and	   3000	   μg/mL	   of	   alpha-­‐cypermethrin	   was	   prepared	   by	   weighting	   on	   an	  
analytical	  balance	  the	  amount	  of	   the	  respective	  technical	  product	  and	  by	  diluting	   it	   in	  100	  
mL	  of	   xylene.	   Two	  other	   concentrations	  were	  prepared	  by	   the	  appropriate	  dilution	  of	   the	  
first	  solution	  with	  xylene.	  The	  concentration	  of	  the	  middle	  level	  of	  the	  fortification	  solution	  
was	  600	  μg/mL	  of	  deltamethin,	  and	  1500	  μg/mL	  of	  alpha-­‐cypermethrin.	  The	  concentration	  
of	  the	  low	  level	  of	  the	  fortification	  solution	  was	  60	  μg/mL	  of	  deltamethin,	  and	  150	  μg/mL	  of	  
alpha-­‐cypermethrin.	  
	  
3.3.2.1.5.2 Sample	  spiking	  
The	  blank	  net	  was	  cut	   in	   small	  pieces	  with	  a	  clean	  scissor.	  20	  portions	  of	  300	  ±	  0.1	  mg	  of	  
each	  were	  weighed	   into	   different	   flat-­‐bottom	  boiling	   flasks	   of	   100	  mL.	   The	   samples	  were	  
divided	   in	   three	   groups	   named	   the	   low	   spiked	   samples	   (L)	   (7	   samples),	   the	  middle	   spiked	  
samples	  (M)	  (7	  samples)	  and	  the	  high	  spiked	  samples	  (H)	  (6	  samples).	  Each	  sample	  of	  group	  L	  
was	  spiked	  with	  1	  mL	  of	  the	  low	  level	  fortification	  solution.	  Samples	  of	  group	  M	  were	  spiked	  
with	  1	  mL	  of	  the	  middle	  level	  fortification	  solution	  and	  samples	  of	  group	  H	  were	  spiked	  with	  
1	  mL	  of	  the	  high	  level	  fortification	  solution.	  The	  fortified	  or	  spiked	  samples	  stood	  alone	  for	  
30	  minutes	  to	  allow	  the	  active	   ingredient	  to	   interact	  with	  the	  matrix	  before	  the	  extraction	  
process	  started.	  
The	   fortification	   levels	   related	   to	   the	   3	   groups	   were:	   for	   group	   L	   0.2	   g	   a.i./kg	   net	  
(deltamethrin),	   and	   0.5	   g	   a.i./kg	   net	   (alpha-­‐cypermethrin),	   for	   group	   M	   2	   g	   a.i./kg	   net	  
(deltamethrin),	   and	   5	   g	   a.i./kg	   net	   (alpha-­‐cypermethrin)	   and	   for	   group	   H	   4	   g	   a.i./kg	   net	  
(deltamethrin),	  and	  10	  g	  a.i./kg	  net	  (alpha-­‐cypermethrin).	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3.3.2.1.6 Reflux	  extraction	  
40	   mL	   of	   xylene	   was	   added	   to	   the	   fortified	   sample.	   The	   flat-­‐bottom	   boiling	   flask	   was	  
connected	   to	   a	   reflux	   condenser.	   The	   solution	  was	   heated	   and	   stirred	  with	   Heidolph	  MR	  
3001	  to	  reflux	  for	  30	  minutes.	  The	  extract	  solution	  was	  cooled	  to	  ambient	  temperature,	  and	  
filtered	  through	  a	  büchner	  filter	  funnel	  using	  whatmanTM	  filter	  paper	  into	  a	  50	  mL	  volumetric	  
flask.	  The	   filtration	  cake	  was	   rinsed,	  and	   the	  extract	   solution	  was	  extended	   to	  50	  mL	  with	  
xylene.	   After	   that,	   1	   mL	   of	   the	   extract	   solution	   was	   diluted	   into	   10	   mL	   of	   xylene,	   and	   a	  
portion	  of	  this	  solution	  was	  transferred	  into	  an	  injection	  vial.	  
	  
3.3.2.1.7 Apparatus	  and	  GC	  analysis	  
Samples	  were	  analyzed	  with	  GC-­‐μECD	  Agilent	  Technologies	  6890	  N	  equipped	  with	  an	  auto	  
sampler	   Agilent	   Technologies	   7683	   Series	   injector	   which	   was	   used	   in	   split	   mode.	   The	  
chromatographic	  separation	  was	  performed	  on	  a	  HP-­‐5	  (5%	  Phenyl	  Methyl	  Siloxane)	  capillary	  
column	  (30	  m	  x	  0.250	  mm	  i.d.,	  0.25	  μm	  film	  thickness).	  Helium	  was	  used	  as	  the	  carrier	  gas	  
and	   kept	   at	   constant	   pressure	   of	   102.7	   kPa	  with	   a	   nominal	   flow	   of	   0.9	  mL/min.	   The	   split	  
ratio,	  split	   flow,	  and	  total	   flow	  were	  respectively	  50:1,	  45.5	  mL/min	  and	  49.9	  mL/min.	  The	  
μECD	  detector	  temperature	  was	  300°C	  with	  nitrogen	  as	  make-­‐up	  gas	  kept	  at	  constant	  flow	  
of	  60.0	  mL/min.	  For	  each	  sample	  two	  chromatographic	  injections	  were	  done,	  and	  the	  mean	  
was	   reported	   as	   mass	   of	   active	   ingredient	   per	   unit	   mass	   of	   netting	   (g/kg).	   The	   injection	  
volume	  was	  1	  μL,	  and	  the	  oven	  temperature	  was	  programmed	  as:	  isothermal	  at	  130°C	  for	  1	  
minute,	  from	  130°C	  to	  280°C	  at	  30°C/minute,	  and	  held	  for	  16	  minutes	  (Figure	  3.6).	  
Other	  equipment	  used	  in	  this	  study	  were	  a	  calibrated	  Sartorius	  LA	  230P	  analytical	  balance	  to	  
weight	   standards,	   technical	   products	   and	   samples,	   a	   Heidolph	  MR	   3001	   to	   heat	   and	   stir	  
during	  the	  extraction	  process.	  
Methods	  to	  assess	  the	  efficacy	  of	  impregnated	  mosquito	  nets	  
	  
39	  
	  
	  
Figure	  3.6	  Oven	  temperature	  program	  during	  analysis.	  
	  
3.3.2.1.8 Analytical	  performance	  
	  
3.3.2.1.8.1 Selectivity/specificity	  
The	  selectivity	  of	  a	  method	  refers	  to	  the	  extent	  to	  which	  it	  identifies	  particular	  analyte(s)	  in	  a	  
complex	  mixture	  without	   interference	   from	  other	  components	   in	   the	  mixture	   [90].	  To	   test	  
selectivity,	  the	  individual	  standard	  solutions	  were	  injected,	  followed	  by	  the	  mixture	  standard	  
solutions	  to	  check	  whether	  interference	  existed.	  
A	  blank	  sample	  was	  extracted	   in	  3	   replicates	   following	   the	  analytical	  method	   to	  check	   the	  
absence	   of	   interference	   peaks	   under	   the	   same	   conditions	   with	   regard	   to	   degradation	  
products,	  impurities,	  and	  the	  matrix.	  A	  reagent	  blank	  was	  also	  made	  and	  all	  the	  steps	  of	  the	  
extraction	   process	   were	   followed	   to	   check	   for	   interference	   peaks	   from	   solvents,	  
consumables	  used	  and	  the	  active	  ingredients.	  
The	  specificity	   is	   the	  ability	  of	   the	  detector	   (supported	  by	   the	  selectivity	  of	   the	  extraction,	  
clean-­‐up,	   derivatisation	   or	   separation,	   if	   necessary)	   to	   provide	   signals	   that	   effectively	  
identify	  the	  analyte	  [91].	  
	  
of deltamethrin and alpha-cypermethrin was prepared in
xylene at 50 μg/mL.
Calibration solutions
From of the mixture stock solution, different concentration
levels (0.01, 0.1, 0.5, 1, 3, 5, 7 μg/mL) were prepared by
appropriate dilution with xylene to form the calibration
curve solutions.
Sample preparation
Fortification solutions
Three concentration levels of fortification solutions were
prepared with pesticides technical materials. The high level
of fortification solution with concentration of 1200 μg/mL
of deltamethrin and 3000 μg/mL of alpha-cypermethrin
was prepared by weighting on an analytical balance the
amount of the respective technical product and by diluting
it in 100 mL of xylene. Two other concentrations were
prepared by appropriate dilution of the first solution
with xylene. The concentration of the middle level of
fortification solution was 600 μg/mL of deltamethin and
1500 μg/mL of alpha-cypermethrin. The concentration of
the low level fortification solution was 60 μg/mL of
deltamethin and 150 μg/mL of alpha-cypermethrin.
Sample spiking
The blank net was cut in small pieces with a clean scissor.
20 portions of 300 ± 0.1 mg of each were weighed into dif-
ferent flat-bottom boiling flasks of 100 mL. The samples
were divided in three groups named the low spiked samples
(L) (7 samples), the middle spiked samples (M) (7 samples)
and the high spiked samples (H) (6 samples). Each sample
of group L was spiked with 1 mL of the low level fortifica-
tion solution. Samples of group M were spiked with 1 mL
of the middle level fortification solution and samples of
group H were spiked with 1 mL of the high level fortifica-
tion solution. The fortified or spiked samples stood alone
for 30 minutes to allow the active ingredient to interact
with the matrix before the extraction process starts.
The required fortification levels related to the 3 groups
were: for group L 0.2 g a.i./kg net (deltamethrin) and 0.5 g
a.i./kg net (alpha-cypermethrin), for group M 2 g a.i./kg net
(deltamethrin) and 5 g a.i./kg net (alpha-cypermethrin) and
for group H 4 g a.i./kg net (deltamethrin) and 10 g a.i./kg
net (alpha-cypermethrin).
Reflux extraction
40 mL of xylene was added to the fortified sample. The
flat-bottom boiling flask was connected to a reflux
condenser then heated and stirred with Heidolph MR
Time (min)
130
280
Temperature (°C)
0
1 6 22
Figure 1 Oven temperature program during analysis.
Table 1 Characteristics of LNs provided by the manufacturer
Net type Technology Company Material Active ingredient
Fabric Weight (g/m2) Insecticide Content (mg/m2)
InterceptorW Coated BASF Chemical Company 100% polyester multifilament 40 alpha-cypermethrin 200
PermaNetW2.0 Coated Vestergaard Frandsen SA 100% polyester multifilament 30 deltamethrin 55
NetprotectW Incorporated Dean Superior Textile Co. 100% Polyethylene 44 deltamethrin 79
Ouattara et al. Parasites & Vectors 2013, 6:77 Page 3 of 11
http://www.parasitesandvectors.com/content/6/1/77
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3.3.2.1.8.2 Linearity	  of	  the	  detector	  
The	   linearity	   check	   was	   performed	   for	   deltamethrin	   and	   alpha-­‐cypermethrin.	   Seven	  
concentration	   levels	   (0.01,	   0.1,	   0.5,	   1,	   3,	   5,	   7	   μg/mL)	   determining	   the	   calibration	   curve	  
solutions	  were	   injected	   twice.	   The	   linearity	  of	  each	  active	   ingredient	  was	   tested	  using	   the	  
ordinary	  linear	  regressions	  of	  the	  calibration	  curve	  and	  the	  coefficient	  of	  determination	  (R2)	  
was	  calculated.	  
	  
3.3.2.1.8.3 Precision/	  repeatability	  
The	  precision	  of	   an	   analytical	   procedure	  expresses	   the	   closeness	  of	   agreement	   (degree	  of	  
scatter)	  between	  a	  series	  of	  measurements	  obtained	  from	  multiple	  sampling	  and	  analysis	  of	  
the	   same	   homogeneous	   sample	   under	   the	   prescribed	   conditions	   [90].	   As	   a	   simple	  
assessment	   of	   repeatability	   is	   acceptable	   to	   express	   the	   precision,	   the	   repeatability	   was	  
evaluated	  by	  the	  coefficient	  of	  variation	  of	  the	  measurement	  from	  each	  spiking	  level	  and	  for	  
each	   active	   ingredient.	   Repeatability	   is	   the	   closeness	   of	   agreement	   between	   mutually	  
independent	  test	  results	  obtained	  with	  the	  same	  operator	  using	  the	  same	  equipment	  within	  
short	  intervals	  of	  time	  [92].	  
	  
3.3.2.1.8.4 Recovery/	  Accuracy	  
The	  accuracy	  of	  a	  method	  is	  the	  closeness	  of	  the	  measured	  value	  to	  the	  true	  value	  [93].	  The	  
accuracy	  was	  evaluated	  by	  using	  the	  spiked-­‐placebo	  recovery	  method.	  Blank	  samples	  were	  
spiked	  at	  3	   levels	  and	  analyzed	  under	   the	   same	  conditions	   (same	  day	   same	  operator)	  and	  
the	  ratio	  of	  the	  calculated	  amount	  to	  the	  expected	  amount	  expressed	  as	  a	  percentage	  was	  
used	  to	  assess	  the	  recovery.	  	  
	  
3.3.2.1.8.5 Evaluation	  of	  the	  method	  on	  commercial	  nets	  
It	  was	  quite	  difficult	   to	   imitate	  the	  coating	  and	   incorporation	  technologies	   for	  the	  samples	  
spiking.	   Only	   30	   minutes	   were	   lasted	   to	   allow	   the	   active	   ingredient	   to	   interact	   with	   the	  
matrix	  before	  the	  extraction.	  To	  assess	  the	  efficacy	  of	  the	  proposed	  method	  also	  commercial	  
coated	  and	  incorporated	  nets	  with	  know	  active	  ingredient	  content	  were	  analyzed.	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3.3.2.1.8.6 Limits	  of	  detection	  /	  quantification	  
The	   limit	   of	   detection	   (LOD)	   is	   the	   lowest	   amount	   of	   an	   analyte	   in	   a	   sample	   that	   can	   be	  
detected.	  It	  was	  determined	  using	  the	  calibration	  data	  as	  follows	  [94]:	  
• Step	  1:	  Calculate	   the	  upper	   confidence	   limit	   for	   the	   intercept	   (Equation	  3.2)	  of	  
the	  linear	  regression	  equation	  (Equation	  3.1)	  for	  the	  calibration.	  𝑦 = 𝑎 + 𝑏𝑥	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  3.1)	  𝐶𝐿! = 𝑎 + 𝑡!,!!!×  𝑆!  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  3.2)	  
	  
• Step	   2:	   Compute	   the	   corresponding	   analyte	   concentration	   of	   limit	   of	   decision	  
(Equation	  3.3)	  as:	  	  
𝐶𝐶! = !"!!!! 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  3.3)	  
	  
• Step	  3:	  Compute	  the	  LOD	  according	  to	  the	  Equation	  3.4:	  𝐿𝑂𝐷 = 𝐶𝐶! + 𝑡!,!!!×  𝑆𝐶!	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  3.4)	  
Where	  𝑡!,!!!	  and	  𝑡!,!!!	  	  are	  the	  one	  tailed	  Student‘s	  t	  values	  for	  n-­‐2	  degrees	  of	  freedom;	  α	  
and	  β	  are	  selected	  as	  equal	   to	  0.1	   level;	  𝑆!	   is	   the	  standard	  deviation	  of	   the	   intercept;  𝑆𝐶!	  	  
the	  standard	  deviation	  of	  the	  limit	  of	  decision.	  
The	   limit	   of	   quantification	   (LOQ)	   was	   obtained	   from	   the	   limit	   of	   detection	   by	   the	   use	   of	  
Equation	  3.5	  [95]:	  
𝐿𝑂𝑄 = 10 3   ×  𝐿𝑂𝐷	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  3.5)	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3.3.2.2 RESULTS	  AND	  DISCUSSIONS	  
	  
3.3.2.2.1 Literature	  review	  of	  available	  methods	  
Literature	   has	   been	   searched	   and	   reviewed	   to	   obtain	   available	   information	   on	   analysis	   of	  
pesticides	  on	  mosquito	  nets.	  Table	  3.3	  summarizes	  the	  literature	  search	  and	  presents	  details	  
on	  the	  analytical	  methods.	  	  
Table 3.3 Overview of studies dealing with pesticide residue determination in mosquito nets 
 Pesticides Nets Extraction principle Equipment Analytical data 
& Range Recovery LOQ 
Publications 
1 Alpha-cypermethrin [96] LNs Extraction solvent: GC-FID Not available 
Tetrahydrofuran 
Process: 
Reflux at 90 °C (oil bath 
temperature) during 5 min 
2 Alpha-cypermethrin [97] Coated LNs Extraction solvent: GC-FID 0.05 – 10 
g/kg 
98 – 101%  
with  
RSD < 5% 
0.05 g/kg 
Tetrahydrofuran 
Process: 
Reflux at 90 °C during 5 min 
3 Alpha-cypermethrin  
[97,98]  
Incorporated LNs Extraction solvent: GC-FID 0.05 – 10 
g/kg 
99 – 101%  with   
RSD < 5% 
0.05 g/kg 
Xylene 
Process: 
Reflux at 130 °C during 30 min 
4 Alpha-cypermethrin [52] ITNs Extraction solvent: GC-ECD Not available 
Xylene 
Process: 
Reflux during 60 min 
5 Alpha-cypermethrin [83] ITNs CIPAC protocol for extracting  
alpha-cypermethrin 
HPLC Not available 
6 Alpha-cypermethrin [99] LNs Extraction solvent: HPTLC-UV Not available 
Acetone 
Process: 
Shake during 10 min 
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Table 3.3 Overview of studies dealing with pesticide residue determination in mosquito nets (Continued)	  
 Pesticides Nets Extraction principle Equipment Analytical data 
& Range Recovery LOQ 
Publications 
7 Deltamethrin [100] Coated LNs Extraction solvent: HPLC-DAD - 99.7% (95% CI 
98.6 - 101.6%) 
- 
Iso-octane + 1.4 dioxane (80/20) + 
0.15% HPLC water grade 
Mobile phase: 
Iso-octane + 1,4 dioxane (95/5) 
Process: 
Ultrasonic bath at 80 °C for 15 min 
+ shake at room temperature at the 
speed of 155 beats per minute 
during 30 min 
8 Deltamethrin [101] LNs Extraction solvent: HPLC-DAD Not available 
Xylene into a reflux flask 
Mobile phase: 
Iso-octane + 1,4 dioxane (+0.15% 
water) (94/6) 
Process: 
Reflux during 30 min under stirring. 
Reconstitution of the extract 
solution in iso-octane + 1,4 dioxane 
(94/6) 
9 Deltamethrin [102-105] ITNs Extraction solvent: HPLC-DAD 0 - 0.4 
µg/mL 
(standard 
curve range) 
  
Acetonitrile 
Mobile phase: 
Water/acetonitrile (90/10 % v/v) 
10 Deltamethrin [37] Permanet2.0 Extraction solvent: HPLC-UV No available 
Acetone and acetonitrile 
Mobile phase: 
Methanol/water (90/10) 
Process: 
Vortexing 
	  
	  
	  
 
Chapter	  3	   	  
44	  
	  
Table 3.3 Overview of studies dealing with pesticide residue determination in mosquito nets (Continued)	  
 Pesticides Nets Extraction principle Equipment Analytical data 
 &    Range Recovery LOQ 
 Publication     
11 Deltamethrin [106] Coated LNs Extraction solvent: HPLC-DAD 0.01 – 4 
g/kg 
93 - 99% with 
RSD < 5% 
0.01 
g/kg Iso-octane + 1.4 dioxane (80/20) 
Mobile phase: 
Iso-octane + 1,4 dioxane (+ 0.15% 
water) (94/6, v/v) 
Process: 
Ultrasonic bath at 70 °C for 15 min 
+ shaking at ambient temperature 
at the speed of 150-200 beat per 
minute during 30 min 
12 Deltamethrin [106] Coated LNs Extraction solvent: GC-FID 
or 
HPLC-DAD 
0.01 –        4 
g/kg 
93 - 104% 
with  
RSD < 5% 
0.01 
g/kg Iso-octane + 1.4 dioxane (80/20) 
Mobile phase: 
Iso-octane + 1,4 dioxane (+ 0.15% 
water) (94/6, v/v) 
Process: 
Ultrasonic bath at 70 °C for 15 min 
+ shaking at ambient temperature at 
the speed of 150-200 beat per 
minute during 30 min 
13 Deltamethrin [107-110] LNs Extraction solvent: GC-FID 0.01 -    20 
g/kg 
93 - 110% 
with RSD < 
5% 
0.01 
g/kg Xylene 
Process: 
Reflux during 60 min 
14 Deltamethrin [111-113] ITNs Extraction solvent: GC-ECD 0.05 – 150 
mg/m2 
95 - 102% 
with RSD 
between 
7 - 11% 
0.05 
mg/m2 Xylene 
Process: 
Reflux during 60 min 
15 Deltamethrin [114,115] ITNs Extraction solvent: GC-ECD Not available 
Acetone 
Process: 
Sonication for 30 min and standing 
overnight 
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Table 3.3 Overview of studies dealing with pesticide residue determination in mosquito nets (Continued) 
 Pesticides Nets Extraction principle Equipment Analytical data 
 &    Range Recovery LOQ 
 Publication     
16 Permethrin [116] LNs Extraction solvent: GC-FID Not available 
Heptane 
Process: 
Stand in a water bath at 85-90 °C for 45 
min and shake once or twice during this 
time 
17 Permethrin [114] ITNs Extraction solvent: GC-FID Not available 
Chloroform 
Process: 
Sonication for 30 min and standing 
overnight 
18 Deltamethrin, 
Cyfluthrin, Permethrin, 
Etofenprox [117] 
ITNs Extraction solvent: GC-MSD Not available 
Toluene 
Process: 
Stirring during 10 min followed by ultra 
sonication 10 min 
19 Permethrin [118] ITNs Extraction solvent: GC-MSD Not available 
Ethanol 
Process: 
Stirring during 10 min followed by ultra 
sonification 10 min 
20 Lambda-cyhalothrin 
[119] 
Coated LNs Extraction solvent: GC-FID Not available 
Acetone + glacial acetic acid (95/5) 
Process: 
Sonification for 30 min followed by 
swirling 15 min 
21 Piperonyl butoxide 
[120] 
LNs Extraction solvent: GC-FID Not available 
Xylene 
Process: 
Reflux during 30 min 
	  
Seven	  methods	  have	  been	  developed	  by	  CIPAC	  for	  the	  determination	  of	  the	  content	  of	  the	  
active	   ingredient	   in	   LNs	   [96,98,100,101,116,119,120].	   These	   methods	   are	   internationally	  
approved	  standardized	  methods	  and	  are	  referred	   into	  the	  WHO	  specifications	  for	  LNs.	  The	  
CIPAC	  methods	  and	  some	  methods	  published	  in	  the	  open	  literature	  analyze	  the	  insecticide	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content	  of	  LN	  by	  High-­‐Performance	  Liquid	  Chromatography	  with	  UV	  Diode-­‐Array	  Detection	  
(HPLC-­‐DAD),	   High	   Performance	   Thin	   Layer	   Chromatography	   (HPTLC),	   Gas	   Chromatography	  
with	   Flame	   Ionization	   Detection	   (GC-­‐FID)	   or	   Gas	   Chromatography	   with	   Electron	   Capture	  
Detection	  (GC-­‐ECD)	  [98-­‐101,111,116].	  GC-­‐ECD,	  GC-­‐FID	  or	  HPLC-­‐DAD	  are	  the	  most	  frequently	  
used	  analytical	  equipments	  and	  detection	  methods.	  
The	   GC-­‐FID	   and	   HPLC-­‐DAD	  methods	   are	   very	   suitable	   for	   the	   assessment	   of	   the	   baseline	  
active	   ingredient	   content	   of	   LNs	   and	   are	   used	   by	   most	   laboratories	   for	   quality	   control	  
purposes	  [111].	  Their	  main	  drawback	  is	  the	  lack	  of	  detector	  sensitivity	  [89].	  For	  this	  reason,	  
when	  the	  aim	  is	  to	  determine	  the	  residues	  or	  remaining	  amount	  of	  insecticide	  on	  or	  into	  the	  
net	  after	  some	  time,	  more	  sensitive	  methods	  like	  gas	  chromatography	  with	  electron	  capture	  
detection	  (GC-­‐ECD)	  or	  gas	  chromatography	  with	  mass	  spectrometry	  detection	  (GC-­‐MSD)	  are	  
required	  [111].	  
Most	   studies	   report	  analytical	  methods	   for	   the	  detection	  of	  pyrethroids.	  This	  confirms	   the	  
fact	   that	   pyrethroids	   are	   the	   class	   of	   insecticides	   mostly	   used	   for	   the	   impregnation	   of	  
mosquito	   nets	   [121].	   They	   handled	   the	   detection	   of	   alpha-­‐cypermethrin,	   deltamethrin,	  
cyfluthrin	   or	   permethrin.	   The	  major	   solvents	   to	   extract	   the	   pesticides	   out	   of	   the	   nets	   are	  
xylene	  or	   a	  mixture	  of	   Iso-­‐octane	  +	  1,4	  dioxane.	  Concerning	  what	   is	   given	   in	   literature	  on	  
validation	   data	   of	   the	   different	   proposed	   methods,	   the	   lack	   of	   information	   is	   highly	  
remarkable.	   It	   was	   also	   seen	   that	   among	   the	   analytical	   methods	   found,	   most	   of	   them	  
determine	  only	  one	  pesticide	  using	  one	  analytical	  method.	  
A	  method	  using	  reflux	  extraction	  with	  xylene	  seems	  to	  be	  the	  most	  suitable	  for	  pyrethroids	  
extraction	   from	   incorporated	   LNs.	   According	   to	   Kilian	   et	   al.,	   [111]	   who	   checked	   the	  
correlation	  between	  analytical	  protocols	  for	  the	  determination	  of	  deltamethrin,	  the	  GC-­‐ECD	  
analytical	   technique	   is	   the	   most	   universally	   applicable	   method	   for	   the	   determination	   of	  
insecticides	  in	  LN.	  A	  GC-­‐ECD	  is	  even	  able	  to	  detect	  very	  small	  amounts	  of	  insecticide	  [111].	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3.3.2.2.2 Validation	  of	  the	  selected	  method	  
	  
3.3.2.2.2.1 Selectivity	  /	  specificity	  
A	  blank	   net	  was	   analyzed	   following	   the	   analytical	   protocol	   to	   check	   the	   interference	  with	  
alpha-­‐cypermethrin	  and	  deltamethrin	  peaks.	  No	  peak	  appeared	  in	  the	  blank	  at	  the	  retention	  
time	  of	  alpha-­‐cypermethrin	  and	  deltamethrin.	  The	  reagent	  blank	  (xylene)	  did	  not	  show	  any	  
interference	  with	  the	  mixed	  standard	  solution	  (Figure	  3.7).	  
	  
Figure	  3.7	  Combined	  chromatograms	  for	  evaluation	  of	  the	  specificity	  
The	   injection	   of	   the	   low	   spiked	   sample	   extract	   solutions	   (Figure	   3.8)	   showed	   a	   good	  
separation	  of	  the	  deltamethrin	  and	  alpha-­‐cypermethrin	  peaks	  without	  any	  interference.	  
This	  observation	   indicates	  that	  the	  extraction	  method	  seems	  to	  be	  selective	  and	  free	  from	  
positive	   interference	  of	  co-­‐extracted	  compounds,	  at	   least	  at	   the	  retention	  time	  window	  of	  
interest.	  
3001 to reflux for 30 minutes. The extract solution was
cooled to ambient temperature and filtered through a
büchner filter funnel using whatman™ filter paper into a
50 mL volumetric flask. The filtration cake was rinsed
and the extract solution was extended to 50 L with
xylene. After that, 1 mL of the extract solution was
diluted into 10 mL of xylene and a portion of this solution
was transferred into an injection vial.
Apparatus and GC analysis
Samples were analyzed with GC-μECD Agilent Technolo-
gies 6890 N equipped with an auto sampler Agilent Tech-
nologies 7683 Series injector which was used in split mode.
The chromatographic separation was performed on a
HP-5 (5% Phenyl Methyl Siloxane) capillary column
(30 m x 0.250 mm i.d., 0.25 μm film thickness). Helium
was used as the carrier gas and kept at constant pressure
of 102.7 kPa with a nominal flow of 0.9 mL/min. The split
ratio, split flow and total flow were respectively 50:1, 45.5
mL/min and 49.9 mL/min. The μECD detector tem-
perature was 300°C with nitrogen as make-up gas kept at
constant flow of 60.0 mL/min. For each sample two chro-
matographic injections were done and the mean was
reported as mass of active ingredient per unit mass of
netting (g/kg). The injection volume was 1 μL and
the oven temperature was programmed as: isothermal at
130°C for 1 minute, from 130°C to 280°C at 30°C/minute
and held for 16 minutes (Figure 1).
Table 2 Overview of studies dealing with pesticide residue determination in mosquito nets (Continued)
Deltamethrin, Cyfluthrin,
Permethrin, Etofenprox [34]
Toluene
Process:
Stirring during 10 min followed
by ultra sonication 10 min
19 Permethrin [35] ITNs Extraction solvent: GC-MSD Not available
Ethanol
Process:
Stirring during 10 min followed
by ultra sonification 10 min
20 Lambda-cyhalothrin [36] Coated LNs Extraction solvent: GC-FID Not available
Acetone + glacial acetic acid (95/5)
Process:
Sonification for 30 min
followed by swirling 15 min
21 Piperonyl butoxide [37] LNs Extraction solvent: GC-FID Not available
Xylene
Process:
Reflux during 30 min
a Abbreviations for nets types: ITN = Insecticide-treated net; a mosquito net that has been treated by dipping in a WHO-recommended insecticide [38]. LN = Long
Lasting Insecticidal Net; a factory-treated mosquito net made with netting material that has insecticide incorporated within or bound around the fibers [38].
Figure 2 Combined chromatograms for evaluation of the specificity.
Ouattara et al. Parasites & Vectors 2013, 6:77 Page 6 of 11
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Figure	  3.8	  Chromatogram	  of	  the	  low	  dose	  spiked	  sample.	  
	  
3.3.2.2.2.2 Linearity	  of	  the	  detector	  response	  
Standard	  solutions	  determining	  the	  calibration	  curves	  were	  injected.	  Following	  the	  ordinary	  
linear	  regression,	  a	  regression	  equation	  of	  𝒚 = 𝟏𝟖𝟔𝟏𝒙− 𝟏𝟒𝟑	  for	  alpha-­‐cypermethrin	  and	  of	  𝒚 = 𝟐𝟏𝟏𝟗𝒙− 𝟏𝟔𝟔	   for	  deltamethrin	  was	  obtained	  (𝒙 =	  concentration	  expressed	   in	  μg/mL,	  𝒚   =	   peak	   area).	   For	   both	   regression	   equations,	   it	   was	   checked	   if	   their	   intercepts	   are	  
statistically	  different	   from	  zero.	  As	   the	  obtained	  p-­‐values	  0.026	  and	  0.016	   respectively	   for	  
alpha-­‐cypermethrin	  and	  deltamethrin	  were	  less	  than	  0.05,	  the	  obtained	  intercepts	  (-­‐143	  and	  
-­‐166)	  were	  then	  significant	  (different	  from	  zero)	  and	  have	  been	  kept	   in	  the	  equations.	  The	  
coefficients	   of	   determination	   (R2)	   values	   (0.999	   for	   alpha-­‐cypermethrin	   and	  deltamethrin)	  
were	   greater	   than	   0.995	   with	   +1	   as	   Pearson’s	   correlation	   coefficient	   (r)	   for	   both	   active	  
ingredients.	  This	   showed	  that	   there	  was	  a	  very	  strong	  correlation	  between	  the	   increase	   in	  
peak	  area	  and	  the	  increase	  in	  concentration	  of	  the	  compounds,	  the	  higher	  the	  R2	  or	  r,	  the	  
stronger	  the	  relationship	  is.	  
	  
3.3.2.2.2.3 Repeatability	  /	  Recovery	  /	  Accuracy	  	  
The	   results	   in	   Table	   3.4	   showed	   that	   depending	  on	   the	   concentration	  of	   active	   ingredient	  
spiked	   on	   the	   nets,	   the	   mean	   recovery	   ranged	   between	   86%	   and	   107%	   for	   alpha-­‐
Others equipments used in this study were a calibrated
Sartorius LA 230P analytical balance to weight standards,
technical products and samples, a Heidolph MR 3001 to
heat and stir during the extraction process.
Analytical performance
Selectivity/specificity
The selectivity of a method refers to the extent to which
it identifies particular analyte(s) in a complex mixture
without interference from other comp nents in the
mixture [12]. To test selectivity, the individual standard
solutions were injected, followed by the mixture standard
solutions to check whether i terference exists.
A blank sample was extracted in 3 replicates following
the analytical m thod to check the absence of interf rence
peaks under the same conditions with regard to degrad-
ation products, impurities and the matrix. A reagent blank
was also made and all the steps of the extraction process
were followed to check whether there were interference
peaks from solvents and consumables used and the active
ingredients.
Linearity of the detector response
The linearity was performed for deltamethrin and alpha-
cypermethrin. Seven concentration levels (0.01, 0.1, 0.5,
1, 3, 5, 7 μg/mL) determining the calibration curve
solutions were injected twice. The lineari y of each
active ingredient was tested using the ordinary linear
regressions of the calibration curve and the coefficient
of determination (R2) was calculated.
Precision/ Repeatability
The precision of an analytical procedure expresses
the closeness of agreement (degree of scatter) between
a series of measurements obtained from multiple sampling
and analysis of the same homogeneous sample under the
prescribed conditions [12]. As a simple assessment
of repeatability is acceptable to express the precision,
the repeatability was evaluated by the coefficient of
variation of the measurement from each spiking level
and for each active ingredient. Repeatability is the
closeness of agreement between utually indepen-
dent test results obtained with the same operator
using the same equipment within short intervals of
time [13].
Recovery/accuracy
The accuracy of a method is the closeness of the mea-
sured value to the true value for the sample [14]. The ac-
cu acy was evaluated by using the spiked-placebo
recovery method. Blank samples were spiked at 3 levels
and analyzed under the same conditions (same day same
operator) and the ratio of the calculated amount to the
expected amount expressed as a percentage was used to
assess the recovery. The evaluation of the proposed
method was also done by analyzing 3 commercial nets.
Limits of detection / quantification
The limit of detection (LOD) is the lowest amount of
an analyte in a sample that can be detected. It was
determined using the calibration data as following
[15]:
Step 1: Calculate the upper confidence limit for the
intercept (CLa) of the linear regression equation
(Y = a +bX) for the calibration. CLa = a + tα,n-2 x Sa
Step 2: Compute the corresponding analyte
concentration of limit of decision (CCα) as:
CCα = (CLa - a)/b
Step 3: Compute the LOD as LOD = CCα + tβ,n-2 x SCB
Figure 3 Chromatogram of the low dose spiked sample.
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cypermethrin	   with	   a	   relative	   standard	   deviation	   below	   4%.	   For	   deltamethrin	   it	   ranged	  
between	   90%	   and	   108%	  with	   a	   relative	   standard	   deviation	   also	   below	   4%.	   The	   Table	   3.4	  
showed	   also	   that,	   according	   to	   the	   acceptable	   criteria,	   the	   mean	   recovery	   and	   the	   RSD	  
obtained	  are	  good.	  The	  observed	  relative	  standard	  deviation	  (RSD)	  values	  were	  lower	  than	  
those	  found	  in	  literature	  (7	  and	  11%)	  [111].	  
Table 3.4 Analytical data for the low, middle and high dose spiked samples 
Spiking level  Alpha-cypermethrin 0.5 g a.i./kg of net Deltamethrin 0.2 g a.i./kg of net 
  Amount (g/kg) Recovery (%) Amount (g/kg) Recovery (%) 
Low spiked samplea 
n=7 
L1 0.424 85 0.180 90 
L2 0.438 88 0.181 91 
L3 0.415 84 0.176 90 
L4 0.428 86 0.175 88 
L5 0.412 84 0.178 91 
L6 0.445 89 0.181 91 
L7 0.419 86 0.177 91 
L Mean 0.426 86 0.178 90 
SD 0.012 2 0.002 1 
RSD % 3 2 1 1 
Acceptable mean recovery [90] 80 - 120  80 - 120 
Acceptable RSD [90] ≤ 10  ≤ 10 
a:	   Active	   ingredient	   concentrations	   in	   low	   spiked	   samples	   were	   calculated	   with	   reduced	  
calibration	  curve	  (0.01,	  0.1,	  0.5	  μg/mL).	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Table 3.4 Analytical data for the low, middle and high dose spiked samples (continued) 
Spiking level  Alpha-cypermethrin 5 g a.i./kg of net Deltamethrin 2 g a.i./kg of net 
  Amount (g/kg) Recovery (%) Amount (g/kg) Recovery (%) 
Middle spiked sample 
n=7 
M1 5.23 106 2.01 102 
M2 5.47 110 2.09 106 
M3 5.16 105 1.95 99 
M4 5.29 108 2.03 104 
M5 5.17 104 1.99 100 
M6 5.54 112 2.12 107 
M7 5.11 104 1.95 99 
M Mean 5.28 107 2.02 102 
SD 0.165 3.22 0.064 3 
RSD % 3 3 3 3 
Acceptable mean recovery [90] 90 - 110  90 - 110 
Acceptable RSD [90] ≤ 5  ≤ 5 
Spiking level  Alpha-cypermethrin 10 g a.i./kg of net Deltamethrin 4 g a.i./kg of net 
  Amount (g/kg) Recovery (%) Amount (g/kg) Recovery (%) 
High spiked sample 
n=6 
H1 9.98 101 4.14 105 
H2 10.03 100 4.22 106 
H3 10.07 101 4.20 106 
H4 10.10 102 4.47 113 
H5 9.80 99 4.30 109 
H6 9.72 98 4.29 108 
H Mean 9.95 100 4.27 108 
SD 0.154 2 0.114 3.10 
RSD % 2 2 3 3 
Acceptable mean recovery [90] 98 - 102  90 - 110 
Acceptable RSD [90] ≤ 2  ≤ 5 
	  
3.3.2.2.2.4 Evaluation	  of	  the	  method	  on	  commercial	  nets	  
Samples	  provided	  by	  3	  manufacturers	  of	  LNs	  were	  taken	  randomly	  for	  analysis.	  The	  results	  in	  
Table	  3.5	  showed	  that	  the	  recoveries	  were	  more	  than	  75	  %	  (94,	  99	  and	  80%	  respectively	  for	  
Interceptor®,	  PermaNet®2.0	  and	  Netprotect®).	  The	  concentration	  of	  the	  insecticides	  into	  the	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LNs	  were	  slightly	  different	  compared	   to	   the	   target	  of	  5	  g/kg	   (200	  mg/m2)	   for	   Interceptor®	  
nets,	  1.8	  g/kg	  (55	  mg/m2)	  for	  PermaNet®2.0	  nets	  and	  1.8	  g/kg	  (79	  mg/m2)	  for	  Netprotect®	  
but	  within	  the	  specifications	  of	  the	  manufacturers	  which	  is	  ±	  25%	  [85].	  
Based	  to	  the	  obtained	  data,	  the	  30	  minutes	  lasted	  to	  allow	  the	  active	  ingredient	  to	  interact	  
with	  the	  matrix	  before	  the	  extraction	  of	  spiked	  samples	  was	  quite	  good.	  	  
Table 3.5 Active ingredient recovery from coated and incorporated nets samples 
Samples Interceptor® PermaNet®2.0 Netprotect® 
Coated Coated Incorporated 
Alpha-cypermethrin Deltamethrin Deltamethrin 
 g a.i./kg of net mg a.i./m2 of net g a.i./kg of net mg a.i./m2 of net g a.i./kg of net mg a.i./m2 of net 
S1 4.20 168 1.84 55 1.48 65 
S2 4.31 172 1.94 58 1.53 67 
S3 5.66 226 2.20 66 1.44 63 
S4 5.10 204 1.58 47 1.42 62 
S5 4.26 170 1.53 46 1.37 60 
Mean 4.71 188 1.82 55 1.45 64 
Recovery (%) 94 99 80 
	  
	  
3.3.2.2.2.5 Limits	  of	  detection	  (LOD)	  and	  of	  quantification	  (LOQ)	  
The	   LOD	  of	   the	  method	   for	   each	  active	   ingredient	  was	  determined	   from	  calibration	   curve	  
data	   [94].	   The	   calculations	  were	   done	   using	   a	   statistics	   template	  made	   by	   Ambrus	   Arpad	  
from	   International	   Atomic	   Energy	  Agency	   (IAEA)	  Agricultural	  Unit	   of	   Seiberdorf	   [94].	   Then	  
LOQ	  was	  evaluated	  as	  10/3	  times	  the	  LOD.	  The	  Table	  3.6	  shows	  the	  LOD	  and	  LOQ	  values.	  
Table 3.6 Values of LOD and LOQ 
 alpha-cypermethrin deltamethrin 
g a.i./kg of net mg a.i./m2 of net g a.i./kg of net mg a.i./m2 of net 
LOD 0.0094 0.282 0.0088 0.264 
LOQ 0.031 0.930 0.029 0.870 
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3.4 CONCLUSION	  
Biological	   tests	   are	   subject	   to	   variation.	   They	   cannot	   be	   used	   throughout	   the	   world	   for	  
quality	   control	   purpose	   [122].	   Also,	   bioassays	   have	   to	   be	   conducted	   under	   the	   close	  
supervision	  of	  personnel	  familiar	  with	  the	  biological	  testing	  of	  LNs	  and	  with	  sound	  scientific	  
and	  experimental	  procedures	  [51].	  As	  a	  result,	  chemical	  tests	  are	  easier	  and	  preferred.	  	  
The	  research	  in	  this	  chapter	  developed	  a	  30	  minutes	  reflux	  extraction	  method	  with	  xylene	  to	  
determine	   alpha-­‐cypermethrin	   and	   deltamethrin	   in	   long-­‐lasting	   insecticidal	  mosquito	   nets	  
(LNs)	   by	   gas	   chromatography	   with	   electron	   capture	   detection	   (GC-­‐μECD).	   The	   study	  
confirmed	   that	   this	  GC-­‐ECD	  protocol	   is	   suitable	   for	   insecticide	  determination	  on	  coated	  as	  
well	  as	  on	  incorporated	  LNs	  [111].	  The	  linearity	  of	  the	  detector	  response	  was	  fine	  for	  all	  the	  
compounds,	   as	   the	   coefficient	  of	  determination	   (R2)	  was	  more	   than	  0.995.	   The	   selectivity	  
and	   specificity	  of	   the	  method	  has	  been	  demonstrated	  as	   the	  data	   showed	   the	  absence	  of	  
interference	   peaks	   with	   regard	   to	   degradation	   products,	   impurities,	   and	   the	   matrix.	   The	  
chromatographic	   conditions	   showed	   also	   a	   good	   separation	   between	   deltamethrin	   and	  
alpha-­‐cypermethrin	  peaks.	  
The	  range	  of	  recoveries	  (86	  –	  108%)	  was	  within	  the	  acceptable	  range	  (80	  –	  120%)	  for	  both	  
compounds	  with	  also	  with	  RSDs	  values	  within	  the	  acceptable	  intervals.	  The	  method	  is	  able	  to	  
determine	   low	   amounts	   of	   the	   insecticide	  without	   interference	   peaks.	   The	   LOD	   is	   0.3	  mg	  
a.i/m2	  for	  deltamethrin	  and	  alpha-­‐cypermethrin.	  This	  method	  can	  be	  used	  for	  quality	  control	  
and	  also	  for	  research	  programs	  where	  the	  interest	  is	  to	  determine	  the	  remaining	  amount	  of	  
insecticide	  in/of	  used	  LNs.	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CHAPTER	  4: COMPARATIVE	  EFFECTS	  OF	  WASHING	  AND	  
DRYING	  METHODS	  ON	  LONG-­‐LASTING	  INSECTICIDAL	  
MOSQUITO	  NETSvi	  
	  
	  
This	  chapter	  studies	  the	  release	  of	  the	  active	  ingredient	  of	  3	  brands	  of	  LNs	  as	  a	  function	  of	  
the	   number	   of	   washing	   steps.	   It	   compares	   the	   ISO	   6330:2000	   machine	   washing	   and	   the	  
laboratory	  hand	  washing	   simulation	  using	  a	  proposed	  detergent.	   The	   simulation	  of	   indoor	  
drying	   and	   outdoor	   drying	   with	   UV-­‐light	   of	   the	   washed	   LNs	   are	   performed	   to	   compare	  
whether	  a	  significant	  difference	  exists	  when	  people	  dry	  their	  LNs	  in	  or	  outside	  their	  houses.	  	  	  	  	  
	  
4.1 ABSTRACT	  
	  
One	   of	   the	   best	   ways	   to	   prevent	   malaria	   is	   the	   use	   of	   insecticide-­‐treated	   bed	   nets.	  
Manufacturers	   pursue	   easier,	   safer,	   and	  more	   efficient	   nets.	   Hence,	  many	   studies	   on	   the	  
efficacy	  and	  wash	  resistance	  using	  World	  Health	  Organization	  standards	  have	  been	  reported.	  
The	  commonly	  used	  detergent	   is	   ‘‘Savon	  de	  Marseille’’,	  because	   it	  closely	  resembles	  soaps	  
actually.	   At	   the	   54th	   Collaborative	   International	   Pesticides	   Analytical	   Council	   (CIPAC)	  
Technical	  Meeting	  in	  2010,	  it	  was	  suggested	  to	  replace	  it	  by	  a	  standardized	  ‘‘CIPAC	  washing	  
agent’’.	  The	  aim	  of	  this	  study	  was	  to	   investigate	  the	  difference	  between	  a	   laboratory	  hand	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
vi	  This	  chapter	  was	  adapted	  from:	  
Ouattara,	   J.	   P.	  N.,	   Louwagie,	   J.,	   Pigeon,	  O.	   and	   Spanoghe,	   P.	   (2013)	   Comparison	  of	   the	   Laboratory	  
Standard	  Washing	  Using	   CIPAC	  Washing	  Agent	   and	   the	  Domestic	  Washing	   on	   Three	  Recommended	  
Types	   of	   Long-­‐Lasting	   Insecticidal	   Mosquito	   Nets.	   PLoS	   ONE	   8(10):	   e74824.	  
doi:10.1371/journal.pone.0074824.	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washing	  simulation	  using	  the	  CIPAC	  washing	  agent	  and	  a	  domestic	  washing	  on	  different	  bed	  
nets,	  as	  well	  as	  the	  effect	  of	  the	  drying	  process	  on	  the	  release	  of	  active	  ingredient.	  
	  
4.2 BACKGROUND	  
	  
Vector	   control	   is	   one	   of	   the	   four	   basic	   technical	   elements	   of	   the	   Global	   Malaria	   Control	  
Strategy	   [121,123].	   One	   of	   the	   best	   methods	   to	   prevent	   malaria	   is	   the	   use	   of	   bed	   nets	  
treated	  with	  insecticides	  [41,124-­‐126].	  According	  to	  the	  2013	  world	  malaria	  report	  [12],	  the	  
international	   funding	   for	   malaria	   control	   continuously	   increased	   up	   to	   US$	   2.5	   billion	   in	  
2012.	   The	   budget	   for	   malaria	   control	   has	   enabled	   endemic	   countries	   to	   greatly	   increase	  
access	  to	  insecticide-­‐treated	  mosquito	  nets	  (ITNs);	  the	  percentage	  of	  households	  owning	  at	  
least	  one	   ITN	   in	   sub-­‐Saharan	  Africa	   is	   estimated	   to	  have	   risen	   from	  3%	   in	  2000	   to	  50%	   in	  
2011	  while	   the	   percentage	   of	   households	   protected	   by	   indoor	   residual	   spraying	   (IRS)	   has	  
risen	  from	  less	  than	  5%	  in	  2005	  to	  11%	  in	  2010.	  Also	  from	  the	  same	  source	  [127],	  household	  
surveys	  indicate	  that	  96%	  of	  persons	  with	  access	  to	  an	  ITN	  within	  the	  household	  actually	  use	  
it.	  That	  confirmed	  the	  statement	  that	  a	  bed	  net	  in	  a	  perfect	  condition	  prevents	  90%	  of	  bites	  
[99],	  and	  stays	  the	  main	  route	  for	  vector	  control.	  Also,	  when	  one	  ITN	  is	  used	  in	  a	  house,	   it	  
reduces	  the	  number	  of	  mosquito	  bites	  experienced	  by	  others	  sleeping	  without	  a	  net	  in	  the	  
same	  house	  [46,48,128].	  	  
Conventionally	   treated	  mosquito	   nets	   (ITNs)	   evolved	   into	   a	   new	   generation	   of	   nets	   called	  
Long-­‐Lasting	   Insecticidal	   Mosquito	   Nets	   (LLINs	   or	   LNs).	   This	   evolution	   overcomes	   some	  
problems	   like	   the	   accuracy	   of	   dosage	  of	   the	   formulation	   under	   field	   condition	   (to	   get	   the	  
right	  concentration	  over	  the	  nets)	  and	  the	  exposure	  to	   insecticide	  during	  nets	  retreatment	  
[129].	   Also	   because	   less	   insecticides	   are	   removed	   after	  washing	   process,	   the	   nets	   remain	  
more	  efficient	  [50].	  The	  new	  nets	  do	  not	  have	  to	  be	  retreated	  with	  pesticides	  after	  a	  certain	  
time.	  Many	   studies	   have	  been	   reported	  on	   this	   issue	   [73,111,121,129,130].	  Most	   of	   them	  
only	   focus	  on	   the	  efficacy	  and	  washing	   resistance	  using	   the	  WHO	  standards.	  The	  common	  
detergent	  used	  is	  ‘‘Savon	  de	  Marseille’’.	  Even	  though	  this	  soap	  is	  not	  standardized,	  it	  is	  still	  
recommended	  by	  WHO	  for	  the	  evaluation	  of	  the	  wash	  resistance	  of	  nets,	  because	  it	  is	  close	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to	   different	   soaps	   and	   detergents	   used	   in	   practice.	   Many	   questions	   still	   remain	   open,	  
because	  of	  the	  limited	  information	  on	  the	  effects	  of	  different	  washing	  and	  drying	  methods	  
[114,131].	  	  For	  instance	  ‘What	  happens	  with	  the	  active	  ingredient	  when	  nets	  are	  washed	  in	  
different	  ways'	  such	  as	  hand	  washing	  versus	  machine	  washing?	  	  
During	   the	   54th	   Collaborative	   International	   Pesticides	   Analytical	   Council	   (CIPAC)	   Technical	  
Meeting	   in	   2010,	   the	   question	   was	   raised	   how	   to	   standardize	   the	   WHO	   washing	   or	   the	  
laboratory	   hand	   washing	   simulation	   procedure	   by	   using	   a	   standardized	   washing	   agent	  
[132,133].	   No	   data	   were	   available	   to	   compare	   the	   proposed	   washing	   agent	   called	   CIPAC	  
washing	  agent	  with	  the	  commonly	  used	  detergent.	  	  
Today,	   pyrethroids	   are	   the	   only	   class	   of	   insecticides	   recommended	   for	   the	   treatment	   of	  
mosquito	  nets	  [31],	  but	  it	  seems	  that	  UV	  light	  from	  sunlight	  has	  some	  degrading	  effects	  on	  
the	   insecticide	  deposit	  on	   the	  nets	   [130,134]. 	  Based	  on	   this,	   LN	  manufacturers	  advice	   the	  
customers	   to	  dry	  nets	   in	   the	   shadow	  without	  direct	   sunlight.	  This	   recommendation	   is	  also	  
used	   in	  many	   others	   studies	   on	   the	   efficacy	   of	   LNs	   [102].	   Therefore	   the	   objectives	   of	   the	  
current	  research	  were:	  
• To	   evaluate	   the	   effect	   of	   washing	   on	   the	   release	   of	   active	   ingredient	   content	   from	  
different	  brands	  of	  nets	  and	  from	  coated	  versus	  incorporated	  technologies.	  
• To	  evaluate	  the	  effect	  of	  UV	  light	  on	  the	  loss	  of	  active	  ingredient	  content	  of	  these	  nets.	  
• To	   compare	   the	   laboratory	   hand	   washing	   simulation	   with	   the	   proposed	   CIPAC	  
detergent	  to	  a	  domestic	  washing	  method	  (ISO	  6330:2000	  machine	  washing	  for	  textile	  
testing).	  
	  
4.3 MATERIALS	  AND	  METHODS	  
	  
4.3.1 MATERIALS	  
4.3.1.1 NET	  MATERIAL	  
Two	  technologies	  of	  mosquito	  nets	  were	  considered	  in	  this	  study.	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Coated	   technology:	   In	   this	   technology	   a	   resin	   based	   polymer	   coating	   is	   used	   as	   the	  
insecticide	  reservoir	  for	  replacement	  of	  surface	  insecticide	  and	  this	  coating	  is	  bonded	  to	  the	  
surface	  of	  the	  filament	  (Figure	  4.1)	  [111].	  This	  technology	  is	  usually	  applied	  to	  multifilament	  
polyester	  textile	  nets.	  Two	  types	  of	  coated	  nets	  were	  used	  for	  this	  study:	   Interceptor®	  nets	  
treated	   with	   alpha-­‐cypermethrin	   (200	   mg	   a.i./m2	   of	   net)	   provided	   by	   BASF	   Chemical	  
Company	  and	  PermaNet®2.0	  nets	  treated	  with	  deltamethrin	  (55	  mg	  a.i./m2	  of	  net)	  provided	  
by	  Vestergaard	  Frandsen	  SA.	  
Incorporated	   technology:	   In	   this	   technology,	   the	   pyrethroid	   insecticide	   is	   directly	  
incorporated	   into	   the	   textile	   fibers	   (Figure	   4.2)	   from	   which	   the	   netting	   is	   made.	   This	  
technology	   can	   be	   applied	   to	   polyethylene	   nets	   [111].	   The	   insecticide	   diffuses	   constantly	  
over	   time	   to	   the	   surface	  of	   the	   yarn	   and	  will	   be	   regenerated	   from	   the	   reservoir	   after	   the	  
surface	   insecticide	   is	   washed	   off	   or	   is	   lost	   otherwise.	   The	   bioavailability	   of	   the	   active	  
ingredient	  is	  designed	  to	  be	  sufficient	  to	  kill	  the	  mosquitoes	  [135].	  One	  type	  of	  incorporated	  
nets	  is	  used	  in	  this	  study:	  Netprotect®	  nets.	  These	  nets	  are	  treated	  with	  deltamethrin	  (79	  mg	  
a.i./m2	  of	  net)	  and	  were	  provided	  by	  Dean	  Superior	  Textile	  Co.	  
	  
	  
Figure	  4.1	  Schematic	  picture	  of	  a	  coated	  net.	  The	  pesticide	  is	  on	  the	  surface	  of	  the	  fiber.	  
	  
	  
	  
!!
!! !! !! !! !! !! !! !!!!
!! !! !! !! !! !!!!
!! !! !! !! !! !! !!!!
!!
!!
Ac$ve!ingredient!
Fiber!body!
Comparative	  effects	  of	  washing	  and	  drying	  methods	  on	  LLINs	  
57	  
	  
	  
Figure	  4.2	  Schematic	  picture	  of	  an	  incorporated	  net.	  The	  pesticide	  is	  uniformly	  on	  and	  into	  the	  fiber.	  	  
	  
4.3.1.2 PREPARATION	  OF	  NETS	  SAMPLES	  
For	  the	  laboratory	  hand	  washing	  simulation	  and	  the	  indoor	  drying,	  each	  type	  of	  net	  was	  cut	  
into	  63	  pieces	  of	  25	  cm	  x	  25	  cm.	  For	  the	  ISO	  6330:2000	  machine	  washing	  and	  the	  indoor	  and	  
UV	  drying,	  20	  bigger	  pieces	  of	  about	  70	  cm	  x	  70	  cm	  were	  cut	  from	  each	  type	  of	  net.	  
	  
4.3.2 METHODS	  
4.3.2.1 WASHING	  PROCEDURE	  
Two	  washing	  procedures	  were	  tested	  to	  know	  their	  impact	  on	  the	  active	  ingredient	  content	  
of	   the	   nets.	   Both	   methods	   are	   standardized.	   Therefore,	   it	   was	   possible	   to	   compare	   the	  
results	  with	  other	  studies	  using	  the	  same	  washing	  procedures.	  
	  
4.3.2.1.1 Method-­‐1:	  Laboratory	  hand	  washing	  simulation	  
Method-­‐1	  corresponds	  to	  the	  WHO	  washing	  procedure	  [54],	  except	  that	  the	  CIPAC	  standard	  
washing	   agent	   is	   used	   instead	   of	   ‘‘Savon	   de	   Marseille’’.	   It	   is	   further	   on	   referred	   to	   as	  
laboratory	  hand	  washing	  simulation.	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4.3.2.1.1.1 Preparation	  of	  CIPAC	  washing	  agent	  according	  to	  Yumiko	  Yozuki	  and	  Tsunehisa	  
Fujita	  [132,133]	  
A	   bottle	   containing	   polyoxyethylene	   glycol	   (25)	   monostearate	   was	   heated	   up	   to	   50°C	   in	  
order	  to	  decrease	  its	  viscosity.	  Then,	  12.0	  g	  of	  sodium	  oleate	  and	  8.0	  g	  of	  polyoxyethylene	  
glycol	   (25)	  monostearate	  were	  successively	  weighed	   in	  the	  same	  flask	  containing	  80	  mL	  of	  
deionised	  water	  at	  room	  temperature.	  The	  mixture	  was	  stirred	  and	  heated	  up	  to	  50°C	  until	  it	  
became	  clear	  and	  homogeneous.	  This	  CIPAC	  washing	  agent	  was	  kept	  for	  4	  weeks.	  The	  flask	  
was	   stored	   in	   a	   dark	   cool	   place.	   Table	   4.1	   gives	   the	   component	   percentages	   within	   the	  
washing	  agent.	  	  	  
Polyoxyethylene	  glycol	  (25)	  monostearate	  and	  sodium	  oleate	  (≥ 82%	  fatty	  acids)	  were	  both	  
supplied	  by	  Sigma-­‐Aldrich.	  
	  
4.3.2.1.1.2 Washing	  process	  
In	   a	  1	   liter	   glass	  bottle,	   4.0	   g	   ±	  0.1	   g	  of	  CIPAC	  washing	  agent	   (polyoxyethylene	  glycol	   (25)	  
monostearate	  +	  sodium	  oleate	  +	  water)	  were	  dissolved	  in	  500	  mL	  of	  deionised	  water	  at	  30°C	  
±	  3°C.	  The	  pH	  of	  the	  solution	  with	  the	  detergent	  was	  9.45.	  Net	  samples	  (25	  cm	  x	  25	  cm)	  were	  
individually	  put	  into	  the	  bottles	  and	  were	  washed	  by	  shaking	  for	  10	  minutes	  in	  a	  horizontal	  
shaker	  (type	  SM	  30	  B	  Control	  provided	  by	  Edmund	  Bühler	  GmbH	  company)	  set	  at	  155	  beats	  
per	  minute	  (rpm)	  with	  an	  amplitude	  of	  15	  mm	  (Figure	  4.3).	  Then,	  the	  samples	  were	  removed	  
and	   rinsed	   twice	   for	   10	   minutes	   in	   deionised	   water	   at	   30°C	   ±	   3°C	   in	   the	   same	   shaking	  
conditions	  as	  stated	  above.	  The	  average	  temperature	  during	  the	  washing	  process	  was	  30.4°C	  
with	  a	  standard	  deviation	  of	  0.6	  (n	  =	  57).	  The	  washing	  process	  was	  replicated	  3	  times	  for	  one	  
sample.	  
The	   nets	   were	   dried	   with	   the	   indoor	   drying	   procedure	   (Figure	   4.4)	   described	   in	   section	  
4.3.2.2.	  The	  next	  washing	  was	  done	  seven	  days	  after	  the	  previous	  washing	  in	  order	  to	  take	  
into	  account	  the	  regeneration	  time	  or	  the	  migration	  of	  the	  insecticide	  to	  the	  surface	  of	  the	  
net.	  During	   this	   period,	   the	  nets	  were	   stored	   in	   a	   room	  at	   30°C,	  which	   is	   considered	   as	   a	  
reasonable	   regeneration	   temperature	   [55].	   Then,	   three	   pieces	   of	   25	   cm	   x	   25	   cm	   were	  
randomly	   removed	   and	   stored	   into	   a	   freezer	   for	   assuring	   the	   preservation	   and	   for	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determination	  of	   the	  active	   ingredient	  content	   in	   the	  nets	  by	  chromatographic	  analysis.	   In	  
total	  up	  to	  20	  washes	  were	  performed.	  
	  
Figure	  4.3	  Laboratory	  hand	  washing	  simulation	  
	  
4.3.2.1.2 Method-­‐2:	  ISO	  6330:	  2000	  machine	  washing	  
Method-­‐2	   is	   the	   ISO	   6330:2000	   domestic	   washing	   further	   on	   referred	   to	   as	   the	   ISO	  
6330:2000	   machine	   washing.	   It	   is	   considered	   to	   be	   the	   more	   stringent	   [117]	   European	  
standard	  for	  domestic	  washing	  of	  textiles.	  
This	   method	   was	   carried	   out	   in	   the	   Department	   of	   Textiles	   of	   Ghent	   University.	   The	   net	  
samples	  were	  placed	  in	  the	  automatic	  washing	  machine	  type	  A	  -­‐	  horizontal	  axis	  front-­‐loading	  
type.	  Sufficient	  ballasts	  of	  100%	  polyester	  were	  added	  to	  reach	  a	  machine	  load	  of	  2	  kg.	  20	  g	  
of	   IEC	  A	  detergent	   (non-­‐phosphate	  reference	  detergent)	  were	  added	   into	   the	  dispenser	  of	  
the	  machine.	   The	   component	  of	   the	  detergent	   is	   given	   in	   the	  Table	  4.1.	  A	  gentle	  washing	  
program	   was	   performed.	   There	   was	   no	   agitation	   during	   the	   heating	   up	   to	   the	   set	  
temperature	  of	  30°C	  ±	  5°C	  [136].	  The	  hardness	  of	  the	  water	  used	  was	  less	  than	  2	  dh.	  After	  
the	  washing	  cycle	  was	  completed,	  the	  net	  samples	  were	  dried	  according	  to	  one	  of	  the	  drying	  
procedures	  described	  in	  section	  4.3.2.2.	  All	  the	  samples	  were	  washed	  at	  7-­‐day	  intervals	  up	  
to	  20	  washes	   in	  order	   to	   take	   into	  account	   the	   regeneration	   time	  or	   the	  migration	  of	   the	  
insecticide	  to	  the	  surface	  of	  the	  net.	  During	  regeneration	  time,	  net	  samples	  were	  stored	  in	  a	  
room	   at	   30°C	   which	   is	   a	   reasonable	   regeneration	   temperature	   [55],	   and	   then,	   three	   (3)	  
pieces	  of	  25	  cm	  x	  25	  cm	  were	  randomly	  cut	  from	  the	  concerned	  group	  of	  net	  samples	  and	  
kept	   into	   a	   freezer	   for	   assuring	   the	   preservation	   and	   for	   determination	   of	   the	   active	  
ingredient	   content	   in	   the	   nets	   by	   chromatographic	   analysis.	   The	   IEC	   A	   detergent	   was	  
provided	  by	  SDL	  International	  company.	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Table 4.1 Characteristics and component percentage in the washing detergent 
Washing 
detergent 
Component Percent Component Percent 
CIPAC washing 
agent 
Sodium oleate 12.0 Water 80.0 
Polyoxyethylene glycol (25) 
monostearate 
8.0 Total 100.0 
IEC A Linear sodium alkyl benzene 
sulfonate 
8.8 (±0.5) Carboxymethylcellulose 1.2 (±0.1) 
Ethyloxylated fatty alcohol 4.7 (±0.3) Phosphanate 2.8 (±0.2) 
Sodium soap 3.2 (±0.2) Optical whitener for cotton 0.2 (±0.02) 
Foam inhibitor concentrate 3.9 (±0.3) Sodium sulphate 6.5 (±0.5) 
Sodium aluminium silicate zeolite 
4A 
28.3 (±1.0) Protease 0.4 (±0.04) 
Sodium carbonate 11.6 (±1.0) Sodium perborate 
tetrahydrate 
20.0 
Sodium salt of a copolymer from 
acrylic and maleic acid 
2.4 (±0.2) Tetra-acetylethylenediamine 3.0 
Sodium silicate 3.0 (±0.2) Total 100.0 
	  
	  
4.3.2.2 DRYING	  PROCEDURE	  
Two	  drying	  procedures	  were	  tested	  to	  study	  their	  impact	  on	  the	  active	  ingredient	  content	  of	  
the	  nets.	  
	  
4.3.2.2.1 Method	  A:	  Simulation	  of	  indoor	  drying	  
The	   net	   samples	   washed	  with	  method-­‐1	   and	   one	   group	   of	   the	   net	   samples	   washed	  with	  
method-­‐2	  were	  hung	  on	  a	  line	  in	  a	  room	  without	  sunlight	  as	  shown	  in	  the	  Figure	  4.4	  for	  24	  
hours.	  The	  average	  temperature	  inside	  the	  room	  was	  24°C.	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Figure	   4.4	   Samples	   for	   indoor	   drying.	   The	   samples	   were	   hung	   on	   the	   cords	   which	   were	   horizontally	   attached	   to	   fixed	  
supports	  in	  the	  room.	  The	  position	  of	  the	  curtains	  was	  lowered	  during	  the	  drying	  time	  to	  avoid	  direct	  sunlight.	  
	  
4.3.2.2.2 Method	  B:	  Simulation	  of	  outdoor	  drying	  with	  UV	  light	  
The	   second	   group	   of	   net	   samples	   washed	   according	   to	  method-­‐2	   was	   dried	   by	   exposure	  
during	  24	  hours	  to	  a	  ‘‘True-­‐	  Light’’	  lamp.	  The	  lamp	  was	  provided	  by	  True-­‐Light	  International	  
GmbH	   Company.	   The	   spectrum	   of	   this	   lamp	   has	   been	   developed	   to	   simulate	   daylight	   for	  
indoor	   environments.	   Its	  main	   characteristics	   are:	   rated	   luminous	   flux	   at	   25°C	   =	   1200	   lm,	  
correlated	  color	  temperature	  =	  5500	  K,	  part	  of	  UVA	  in	  the	  spectrum	  3.0%,	  part	  of	  UVB	  in	  the	  
spectrum	  0.3%.	  (Remark:	  UVA	  radiation	  is	  about	  95%	  of	  the	  solar	  UV	  light	  reaching	  the	  earth	  
surface	   [31].	   UVA	   and	   UVB	  wavelengths	   varied	   respectively	   from	   315	   nm	   to	   400	   nm	   and	  
from	  280	  nm	  to	  315	  nm	  [137]).	  
The	   net	   samples	   were	   hung	   as	   shown	   in	   the	   Figure	   4.5.	   The	   average	   temperature	   in	   the	  
drying	   room	   was	   22°C.	   This	   value	   is	   below	   that	   used	   in	   some	   studies	   to	   accelerate	   the	  
insecticide	  migration	  on	  the	  surface	  of	  the	  net.	  Because	  the	  temperature	  is	  kept	  low,	  heat	  is	  
not	  taken	  into	  account	  in	  this	  UV	  impact	  study.	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Figure	   4.5	   Samples	   for	   outdoor	   drying	   with	   UV	   light.	   The	   samples	   were	   hung	   on	   cords	   which	   were	   tied	   around	   the	  
circumference	  of	  a	  circular	  plate.	  The	  True-­‐Light	  lamp	  was	  fixed	  at	  the	  center.	  In	  this	  way	  the	  distance	  between	  all	  nets	  and	  
the	  light	  was	  equal.	  
	  
4.3.2.3 CHEMICAL	  ANALYSIS	  
Because	  it	  was	  expected	  that	  the	  samples	  would	  have	  low	  amounts	  of	  active	  ingredient	  due	  
to	  the	  impact	  of	  the	  washing	  cycles,	  the	  multi-­‐residue	  method	  able	  to	  detect	  deltamethrin	  
and	   alpha-­‐cypermethrin	   in	   coated	   and	   incorporated	   nets	  with	   a	   high	   sensitivity	  was	   used	  
(see	   chapter	   3)	   [138].	   The	   analyses	   were	   done	   at	   the	   laboratory	   of	   Crop	   Protection	  
Chemistry	  of	  the	  Ghent	  University.	  	  	  
For	  each	  sample	  two	  chromatographic	  injections	  were	  done	  and	  the	  mean	  was	  reported	  as	  
mass	   of	   active	   ingredient	   per	   unit	  mass	   of	   netting	   (g/kg)	   by	   comparison	  with	   an	   external	  
standard	  calibration	  curve.	  Then,	  the	  value	  was	  converted	  into	  mg/m2	  according	  to	  the	  given	  
fabric	  weight	  of	  the	  net.	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4.3.2.4 CHARACTERIZATION	  OF	  WASHING	  RESISTANCE:	  MEASUREMENT	  OF	  RETENTION	  /	  RELEASE	  AND	  SURFACE	  
CONCENTRATION	  OF	  ACTIVE	  INGREDIENT	  
According	  to	  A.	  Hill	   in	  the	  report	  of	  the	  11th	  WHOPES	  Working	  Group	  Meeting	  [122],	  WHO	  
standard	  bioassays	   cannot	  be	  used	   throughout	   the	  world	   for	  quality	   control	  purposes.	   So,	  
physico-­‐chemical	   tests	   must	   be	   used.	   But	   the	   use	   of	   such	   tests	   to	   define	   the	   efficacy	   is	  
problematic.	  As	  a	  minimum	  for	  the	  development	  of	  a	  meaningful	  specification,	  it	  is	  essential	  
to	  have	  a	  detailed	  knowledge	  of	   the	   release/retention	  characteristics	  of	   the	  product.	  Data	  
were	  computed	  to	  check	  firstly,	  if	  the	  main	  characteristic	  of	  the	  LNs	  could	  be	  related	  to	  the	  
number	  of	  washing	  cycles.	  Secondly	  it	  was	  checked	  which	  trend	  or	  mathematic	  model	  could	  
be	  used	  to	  fit	  the	  relationship	  between	  the	  release	  of	  the	  active	  ingredient	  from	  the	  LNs	  and	  
the	  number	  of	  washing	  cycles.	  The	  data	  were	  fitted	  with	  the	  curve	  estimation	  program	  from	  
SPSS	  version	  20	  and	  4	  mathematical	  models	  (linear,	  logarithmic,	  quadratic	  and	  exponential)	  
were	  tested.	  To	  check	  whether	  the	  main	  characteristics	  of	   the	  LNs	  could	  be	  related	  to	  the	  
number	  of	  washing	  cycle,	  the	  active	  ingredient	  retention	  at	  each	  wash	  was	  calculated	  with	  
the	  Equation	  4.1.	  This	  equation	  was	  proposed	  by	  A.	  Hill	  in	  the	  11th	  WHOPES	  Working	  Group	  
Meeting	  [122],	  and	  assumed	  that	  for	  almost	  all	  the	  LNs,	  a	  proportion	  of	  the	  total	  content	  of	  
the	   active	   ingredient	   is	   removed	   from	   the	   surface	   at	   each	   wash.	   After	   equilibration,	   the	  
same	  proportion	  (but	  a	  smaller	  quantity)	  is	  removed	  by	  the	  next	  wash,	  so	  the	  decline	  in	  total	  
content	  is	  non-­‐linear.	  	  
𝑎. 𝑖.% = 𝐸𝑥𝑝   !"  !"#!!!"#!!! ×100	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  4.1)	  
with	  𝑊𝑎𝑠ℎ!	   the	   active	   ingredient	   content	   after	   the	  𝑛	   wash	   and	  𝑊𝑎𝑠ℎ!	   the	   initial	   active	  
ingredient	  content	  of	  the	  unwashed	  net.	  
	  
4.3.2.5 EFFECT	  OF	  WASHING	  METHOD	   (COMPARISON	  OF	   LABORATORY	  HAND	  WASHING	   SIMULATION	  VERSUS	  
ISO	  6330:2000	  MACHINE	  WASHING)	  
Two	   groups	   of	   samples	   were	   considered	   from	   each	   type	   of	   LN.	   The	   first	   consisted	   of	   10	  
pieces	  of	  about	  70	  cm	  x	  70	  cm.	  This	  group	  was	  washed	  following	  the	  ISO	  6330:2000	  machine	  
washing	  procedure	  (method-­‐2)	  up	  to	  20	  times.	  The	  second	  group	  consisting	  of	  60	  pieces	  of	  
25	   cm	   x	   25	   cm	  was	  washed	   following	   the	   laboratory	   hand	  washing	   simulation	   procedure	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(method-­‐1)	  up	  to	  20	  times.	  Between	  the	  washes,	  both	  groups	  were	  dried	  indoor	  and	  stored	  
at	  the	  same	  condition	  before	  the	  next	  wash.	  To	  check	  whether	  the	  two	  washing	  procedures	  
were	   significantly	  different,	   the	  active	   ingredient	   content	  of	   the	  1,	   5,	   11,	   15	  and	  20	   times	  
washed	   samples	   for	   both	   groups	  was	   analyzed	   by	   GC.	   Data	   obtained	  were	   analyzed	  with	  
two-­‐way	  ANOVA	  using	  the	  washing	  procedure	  as	  fixed	  factor	  with	  2	  levels	  (laboratory	  hand	  
simulation	  and	  ISO	  6330:2000	  machine	  washing)	  and	  the	  number	  of	  washes	  as	  fixed	  factor	  
with	  5	  levels.	  
	  
4.3.2.6 EFFECT	  OF	  DRYING:	  INDOOR	  DRYING	  VERSUS	  OUTDOOR	  DRYING	  WITH	  UV	  LIGHT	  
The	   effect	   of	   2	   drying	   methods	   was	   compared	   on	   all	   types	   of	   nets	   washed	   according	   to	  
method-­‐2.	  
To	  assess	   the	  effect	  of	   the	  drying	  process	  on	  the	  release	  of	   the	  active	   ingredient	   from	  the	  
nets,	  two	  groups	  of	  samples	  were	  considered	  from	  each	  type	  of	  LN.	  Each	  group	  contained	  10	  
samples	   of	   about	   70	   cm	   x	   70	   cm	   washed	   following	   the	   ISO	   6330:2000	  machine	   washing	  
procedure	  up	  to	  20	  times.	  After	  each	  wash,	  one	  group	  of	  samples	  was	  dried	  during	  24	  hours	  
indoors	  as	  shown	   in	  Figure	  4.4.	  The	  other	  group	  was	  dried	  during	  24	  hours	  with	   true-­‐light	  
lamps	  as	  shown	  in	  Figure	  4.5.	  
To	   check	   whether	   the	   drying	   process	   had	   a	   significant	   impact	   on	   the	   active	   ingredient	  
content	  of	  LNs,	  the	  samples	  from	  each	  group	  were	  subjected	  to	  GC	  analysis.	  
	  
4.3.2.7 STATISTICS	  
The	   software	   SPSS	   version	   20	   package	   was	   used	   to	   run	   all	   the	   statistic	   tests.	   Statistical	  
analysis	   was	   performed	   using	   Student’s	   t-­‐test	   and	   Analysis	   of	   variance	   (ANOVA).	   Before	  
performing	   ANOVA	   and	   using	   obtained	   data,	   assumptions	   (homogeneity	   of	   variance,	  
normality	   of	   observations)	   underlying	   the	   analysis	   of	   variance	   were	   tested.	   Comparisons	  
were	  made	  between	  the	  number	  of	  washes,	  the	  type	  of	  washing	  process,	  the	  type	  of	  drying	  
methods	   and	   the	   type	  of	   impregnation	   technology.	   To	   find	   the	  best	   relationship	   between	  
the	   release	   of	   active	   ingredient	   from	   the	   LN	   and	   the	  wash	   numbers	   the	   curve	   estimation	  
program	  was	  used.	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4.4 RESULTS	  AND	  DISCUSSIONS	  
	  	  
4.4.1 ACTIVE	  INGREDIENT	  CONTENT	  IN	  LN	  AFTER	  DIFFERENT	  WASHING	  CYCLES	  
Table	  4.2	  shows	  the	  average	  active	   ingredient	  content	   in	  LN	  after	  different	  washing	  cycles.	  
Many	  studies	  showed	  also	  that	  the	  washing	  process	  affects	  significantly	  the	  release	  of	  active	  
ingredient	  content	  from	  the	  nets	  [122,128,139].	  	  
Independently	  to	  the	  drying	  process,	   it	  was	  checked	  whether	  the	   laboratory	  hand	  washing	  
simulation	   using	   the	   CIPAC	   washing	   agent	   and	   the	   ISO	   6330:2000	   machine	   washing	   as	  
described	   above	   affected	   significantly	   the	   total	   active	   ingredient	   content	   on	   the	   different	  
nets.	  Data	  obtained	  are	  shown	  in	  Table	  4.3.	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Table 4.2 Active ingredient content in LN after the washing cycles according to the number of washes. The washes were done up to 20 
times. 3 samples (repetitions) after each washing cycle were analyzed. The average insecticide content of the samples from each odd 
number of washings was recorded and also the percentage of the active ingredient retention was calculated after each 5 washing. 
Cycle N° of 
wash 
Range 
of 
washe 
Interceptor® PermaNet®2.0 Netprotect® 
g 
a.i./kg 
of net 
mg 
a.i./m2 of 
net 
a.i. 
retention 
(%) 
g 
a.i./kg 
of net 
mg 
a.i./m2 of 
net 
a.i. 
retention 
(%) 
g 
a.i./kg 
of net 
mg 
a.i./m2 of 
net 
a.i 
retention 
(%) 
La
bo
ra
to
ry
 h
an
d 
wa
sh
in
g 
sim
ul
at
io
n 
– 
In
do
or
 
dr
yin
g 
0  
 
0 - 5 
4.72 189  
 
69 
2.00 59.9  
 
52 
1.12 49.4  
 
78 
1 3.70 148 1.59 47.7 1.04 45.8 
3 3.35 134 1.26 37.7 0.97 42.5 
5 3.24 130 1.04 37.2 0.88 38.5 
7  3.32 133  0.81 24.4  1.04 45.8  
9  2.25 90.1  0.61 18.4  0.88 38.6  
11  1.91 76.4  0.69 20.7  0.99 43.7  
13  1.60 64.0  0.70 20.9  0.99 43.4  
15  
 
15 - 20 
1.52 60.7  
 
68 
0.65 19.4  
 
78 
0.86 37.6  
 
84 
17 1.17 46.8 0.48 14.4 0.84 37.0 
19 1.19 47.6 0.52 15.6 0.80 35.1 
20 1.03 41.4 0.51 15.2 0.72 31.5 
IS
O 
63
30
:2
00
0 m
ac
hi
ne
 w
as
hi
ng
 – 
In
do
or
 d
ry
in
g 
0  
 
0 - 5 
4.72 189  
 
57 
2.00 59.9  
 
43 
1.12 49.4  
 
95 
1 3.64 145. 1.51 45.4 1.06 46.8 
3 3.43 137 1.09 32.7 0.85 37.4 
5 2.67 107 0.87 26.1 1.06 46.8 
7  4.47 98.9  0.71 21.3  1.06 46.5  
9  2.73 109  0.58 17.4  1.03 45.3  
11  1.96 78.6  0.65 19.6  1.06 46.6  
13  1.99 79.4  0.57 17.0  0.79 35.0  
15  
 
15 - 20 
1.68 67.2  
 
92 
0.50 15.0  
 
105 
0.99 43.3  
 
79 
17 1.65 66.0 0.51 15.2 0.80 35.4 
19 1.38 55.0 0.41 12.4 0.86 38.0 
20 1.55 62.1 0.53 15.8 0.78 34.5 
IS
O 
63
30
:2
00
0 m
ac
hi
ne
 w
as
hi
ng
 – 
UV
 d
ry
in
g 
0  
 
0 - 5 
4.72 189  
 
56 
2.00 59.9  
 
55 
1.12 49.4  
 
93 
1 4.12 165 1.48 44.5 1.09 48.0 
3 3.51 140 1.23 36.8 0.99 43.5 
5 2.66 106 1.10 33.0 1.04 45.9 
7  2.32 93.0  0.75 22.4  1.08 47.6  
9  2.48 99.0  0.71 21.3  1.10 48.5  
11  2.40 96.1  0.67 20.2  0.95 41.8  
13  2.11 84.3  0.61 18.2  0.95 41.8  
15  
 
15 - 20 
2.06 82.6  
 
72 
0.59 17.6  
 
98 
0.94 41.2  
 
84 
 
17 1.55 61.9 0.60 18.0 0.85 37.2 
19 1.87 74.9 0.44 13.2 0.83 36.3 
20 1.49 54.4 0.58 17.3 0.79 34.81 
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Table 4.3 Summary of statistic tests of the effect of washing on LN (One way ANOVA). The assumptions underlying the analyses of 
variance were satisfied. The type and number of washes had a significant effect on the loss of active ingredient content. 
Cycle (Washing / 
drying)  
Nets  Test Chi-
Square 
or F 
Degree of freedom P-value 
Between 
Group 
Within 
Group 
Laboratory hand 
washing simulation / 
indoor drying 
Interceptor® Kruskal Wallis 33.7 12 0.001 
PermaNet®2.0 Kruskal Wallis 27.0 10 0.003 
Netprotect® Single factor ANOVA 5.90 10 22 0.000 
ISO 6330:2000 
machine washing / 
indoor drying 
Interceptor® Single factor ANOVA 6.98 10 22 0.000 
PermaNet®2.0 Single factor ANOVA 20.4 10 22 0.000 
Netprotect® Single factor ANOVA 10.9 10 22 0.000 
ISO 6330:2000 
machine washing / 
UV drying 
Interceptor® Single factor ANOVA 5.00 10 22 0.001 
PermaNet®2.0 Kruskal Wallis 25.9 10 0.004 
Netprotect® Single factor ANOVA 7.83 10 22 0.000 
	  
The	  Table	  4.3	   shows	   that	   there	   is	   a	   very	   significant	  difference	   in	   the	   concentration	  of	   the	  
active	   ingredient	   between	   the	   washing	   cycles	   of	   the	   coated	   nets	   (Interceptor®	   and	  
PermaNet®2.0)	   (0.001	   <	   p	   <	   0.01).	   This	   difference	   is	   very	   highly	   significant	   for	   the	  
incorporated	  nets	  (Netprotect®)	  (p	  <	  0.001).	  The	  type	  of	  washing	  and	  the	  number	  of	  washing	  
cycles	  both	  have	  an	  effect	  on	  the	  release	  of	  the	  active	  ingredient	  content	  of	  the	  net.	  
	  
4.4.2 CHARACTERIZATION	   OF	   WASH	   RESISTANCE:	  MEASUREMENT	   OF	   RETENTION	   /	   RELEASE	  
AND	  SURFACE	  CONCENTRATION	  OF	  ACTIVE	  INGREDIENT	  
	  
4.4.2.1 RETENTION	  /	  RELEASE	  OF	  ACTIVE	  INGREDIENT	  FROM	  LNS	  
Chemical	  analyses	  showed	  that	  the	  initial	  active	  ingredient	  concentration	  from	  Interceptor®	  
and	  PermaNet®2.0	  nets	  were	  respectively	  4.72	  g/kg	  (189	  mg/m2)	  and	  2.00	  g/kg	  (60	  mg/m2).	  
These	   concentrations	   were	   slightly	   different	   compared	   to	   the	   target	   dose	   of	   5	   g/kg	   (200	  
mg/m2)	  for	  Interceptor®	  nets	  and	  1.8	  g/kg	  (55	  mg/m2)	  for	  PermaNet®2.0	  nets,	  but	  within	  the	  
specifications	  of	  ±25%	  [85].	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The	  analysis	  of	  Netprotect®	  nets	  showed	  2	  peaks	  for	  deltamethrin	  with	  a	  proportion	  of	  about	  
26/74.	   The	   first	   eluting	   peak	   was	   the	   R-­‐alpha	   isomer	   of	   deltamethrin,	   a	   non	   relevant	  
impurity	   of	   deltamethrin.	   The	   initial	   deltamethrin	   concentration	   of	   Netprotect®	   was	   1.12	  
g/kg.	  
Table	  4.2	  shows	  that	  the	  retention	  of	  ≥50%	  of	  the	  active	  ingredient	  after	  5	  standard	  washes	  
according	  to	  each	  type	  of	  net	  is	  met	  [122].	  That	  would	  indicate	  a	  retention	  index	  of	  ≥90%	  for	  
reservoir	  behavior	  or	  ≥87%	  for	   free	  migration	  stage	  behavior.	  This	  was	  confirmed	   in	  Table	  
4.4,	  where	  the	  active	  ingredient	  retention	  at	  each	  wash	  was	  calculated.	  
Table 4.4 Estimated insecticide retention per wash. For each type of LN, the average insecticide retention per wash and the 95% 
confidence interval is calculated.  
	  
The	  Figure	  4.6	  A	  shows	  that	  the	  percentage	  of	  alpha-­‐cypermethrin	  remaining	  on	  Interceptor®	  
LN	  after	  20	  washes	  cycles	  was	  21.9%	  (1.03	  g	  a.i./kg,	  n	  =	  3)	  for	  the	  laboratory	  hand	  washing	  
simulation	   (indoor	   drying),	   32.9%	   (1.55	   g	   a.i./kg,	   n	   =	   3)	   for	   the	   ISO	   6330:2000	   machine	  
washing	   (indoor	   drying),	   and	   31.5%	   (1.49	   g	   a.i./kg,	   n	   =	   3)	   for	   the	   ISO	   6330:2000	  machine	  
washing	  (UV	  drying).	  
The	  overall	  percentage	  of	  alpha-­‐cypermethrin	  remaining	  on	  Interceptor®	  LN	  after	  20	  washing	  
was	  28.7%	  (95%	  CI	  [22.7,	  34.8]).	  
Type of net  Estimated variation of insecticide retention per wash (%) 
Laboratory hand 
washing 
simulation / 
Indoor drying 
ISO 6330:2000 
machine washing / 
Indoor drying 
ISO 6330:2000 
machine 
washing / UV 
drying 
Literature 
Interceptor® Range  78.3 – 95.1 77.0 - 94.6 87.3 – 95.2  
Average 
with 95%CI 
91.1 [88.1, 94.1]  91.2 [87.8, 94.6]  92.4 [90.7, 94.2]   
PermaNet®2.0 Range  79.7 – 93.4 75.9 – 93.5 74.4 – 94.0  
Average 
with 95%CI 
89.4 [86.6, 92.2]  87.8 [84.2, 91.4]  88.9 [85.2, 92.6]   
Netprotect® Range  92.7 – 99.0 91.1 – 99.5 95.8 – 99.8 98.7 – 101.7 [122] 
Average 
with 95%CI 
97.2 [95.9, 98.6]  97.6 [95.9, 99.3]  98.4 [97.6, 99.1]  99,7 [122] 
98.8 [113] 
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The	   Figure	   4.6	  B	   shows	   that	   for	   the	  PermaNet®2.0	   LN,	   deltamethrin	   remaining	  on	   the	  net	  
was	  25.5%	  (0.51	  g	  a.i./kg,	  n	  =	  3)	  for	  the	  laboratory	  hand	  washing	  simulation	  (indoor	  drying),	  
26.3%	   (0.53	   g	   a.i./kg,	   n	   =	   3)	   for	   the	   ISO	   6330:2000	  machine	  washing	   (indoor	   drying),	   and	  
28.9%	  (0.58	  g	  a.i./kg,	  n	  =	  3)	  for	  the	  ISO	  6330:2000	  machine	  washing	  (UV	  drying).	  
The	  overall	  percentage	  of	  deltamethrin	  remaining	  on	  PermaNet®2.0	  LN	  after	  20	  washes	  was	  
26.9%	  (95%	  CI	   [24.7,	  29.1]).	  These	  data	  confirmed	  those	  of	   the	  study	  of	  Atieli	   [131]	  which	  
showed	  that	  PermaNet®2.0	  retained	  about	  18	  to	  27%	  of	  the	  deltamethrin	  after	  20	  washes.	  
Using	   standardized	  WHO	  protocol	  washing	   [54],	   the	   study	  of	  V.	   Corbel	   [107]	   showed	  also	  
that	  PermaNet®2.0	  loses	  between	  60	  to	  85%	  of	  deltamethrin	  after	  20	  washes.	  
The	   Figure	   4.6	   C	   shows	   that	   for	   the	   Netprotect®	   LN,	   the	   percentage	   of	   deltamethrin	  
remaining	   in	   the	   net	   after	   20	   washes	   cycles	   was	   63.9%	   (0.72	   g	   a.i./kg,	   n	   =	   3)	   for	   the	  
laboratory	  hand	  washing	  simulation	   (indoor	  drying),	  69.8%	  (0.78	  g	  a.i./kg,	  n=3)	   for	   the	   ISO	  
6330:2000	  machine	  washing	   (indoor	   drying),	   and	   70.5%	   (0.79	   g	   a.i./kg,	   n	   =	   3)	   for	   the	   ISO	  
6330:2000	  machine	  washing	  (UV	  drying).	  
The	   overall	   percentage	   of	   deltamethrin	   remaining	   in	   Netprotect®	   LN	   after	   20	  washes	  was	  
68.0%	   (95%	   CI	   [62.5,	   73.6]).	   This	   was	   also	   shown	   by	   Skovman	   et	   al.	   [113]	   (77%	   of	  
deltamethrin	   remained	   on	   Netprotect®	   after	   20	   washes)	   and	   in	   the	   11th	   WHOPES	   report	  
[122]	   (77.6%	   remained).	   The	   high	   percentage	   of	   deltamethrin	   retention	   for	  Netprotect®	   is	  
due	  to	  the	  incorporation	  technology	  compared	  to	  the	  coated	  one.	  This	  may	  also	  mean	  that	  
the	  active	  ingredient	  from	  the	  Netprotect®	  net	  is	  less	  accessible	  to	  aqueous	  surfactant	  of	  the	  
washing	  product	  and	   therefore	   is	  also	  unlikely	   to	  be	  accessible	   for	  mosquitoes	  walking	  on	  
the	  surface	  [122].	  	  
So,	  from	  our	  observation	  and	  based	  on	  this	  fact,	  Netprotect®	  net	  might	  perform	  less	  against	  
mosquitoes	  compared	  to	  PermaNet®2.0	  and	  Interceptor®.	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Figure	  4.6	  Percentage	  of	  residual	   insecticide	  on	  nets.	  Figure	  4.6	  A	  shows	  that	  the	   Interceptor®	  nets	   lose	  active	   ingredient	  
after	  each	  wash,	   independent	  of	  the	  type	  of	  washing	  or	  drying.	  Only	  around	  29%	  of	  the	  baseline	  concentration	  of	  alpha-­‐
cypermethrin	  stayed	  on	  the	  nets	  after	  20	  washes.	  Figure	  4.6	  B	  shows	  that	  PermaNet®2.0	  nets	   lose	  active	   ingredient	  after	  
each	  wash,	  independent	  of	  the	  type	  of	  washing	  or	  drying.	  Only	  around	  27%	  of	  the	  baseline	  concentration	  of	  deltamethrin	  
stayed	   on	   the	   nets	   after	   20	   washes.	   Figure	   4.6	   C	   shows	   that	   Netprotect®	   nets	   lose	   active	   ingredient	   after	   each	   wash,	  
independent	   of	   the	   type	   of	   washing	   or	   drying.	   The	   remaining	   insecticide	   after	   20	  washes	   is	   about	   70%	   of	   the	   baseline	  
concentration.	  
	  
4.4.2.2 EFFICACY	  OF	  NETS	  AFTER	  WASHING	  PROCESS	  (WASH	  RESISTANCE	  AND	  EFFICACY	  OF	  THE	  NETS)	  
As	   this	   study	  did	  not	   involve	  bioassays,	   the	  analytical	   data	  were	   compared	  with	  biological	  
data	   from	   the	   literature	   on	   active	   ingredient	   content	   on	   the	   net	   (mg/m2)	   with	   the	  
corresponding	   mortality	   percentage	   according	   to	   the	   number	   of	   washes.	   To	   assess	   the	  
efficacy	   of	   mosquito	   nets,	   bioassays	   are	   recommended	   by	   WHOPES,	   even	   if	   results	   in	  
different	  parts	  of	  the	  world	  are	  varying.	  A	  net	  maintains	  its	  efficacy	  if	  it	  produces	  more	  than	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80%	  mosquitoes	   mortality	   in	   a	   bioassay	   cone	   test	   after	   20	   washes	   [54].	   The	   variation	   in	  
bioassays	  is	  in	  general	  due	  to	  the	  formulation	  of	  the	  insecticide,	  the	  type	  of	  insecticide,	  the	  
mosquito	  species,	  the	  susceptibility	  level	  of	  mosquitoes,	  the	  time	  of	  exposure,	  the	  texture	  of	  
bed	  net,	   the	  quality	  of	  different	  batches	  and	  the	  type	  of	  tests.	  Some	  studies	  revealed	  that	  
there	  was	  no	  significant	  difference	  in	  the	  mortality	  of	  the	  species	  exposed	  to	  different	  types	  
of	  LNs	  washed	  by	  machine	  or	  by	  hand	  [73,99,103,135].	  
	  Table	   4.5	   compares	   information	   about	   the	   efficacy	   of	   the	   nets	   submitted	   to	   the	   3	   wash	  
cycles	   used	   during	   this	   study.	   It	   shows	   that	   for	   all	   the	   3	   types	   of	   nets	   tested	   the	   active	  
ingredient	   content	   until	   20	   washes	   is	   close	   to	   values	   published	   in	   the	   literature	   studies.	  
Indeed,	   the	   PermaNet®2.0	   nets	   after	   20	   washes	   should	   provide	   70%	  mortality	   [131]	   with	  
around	   15	   mg	   a.i/m2,	   while	   the	   Netprotect®	   and	   Interceptor®	   nets	   should	   provide	  
respectively	   a	  mortality	  of	  30%	   [131]	  with	  30	  mg	  a.i/m2	  and	  15%	   [99]	  with	  around	  60	  mg	  
a.i/m2.	  Thus,	  even	  if	  the	  high	  percent	  of	  retention	  seems	  to	  be	  less	  favorable	  for	  Netprotect®	  
nets	   in	   term	   of	   availability	   of	   the	   insecticide	   over	   the	   net,	   the	   Table	   4.5	   infirm	   this	  
assumption.	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Table 4.5 Comparison of total active ingredient content (in mg/m²) and literature bioassay data. The results obtained in this study and the 
literature data about the efficacy of the same nets are put next to each other. It shows that the active ingredient content is close to values 
published in the literature for all the types of the nets tested.  
 
N° of 
wash 
Mean (mg a.i./m2 with 95%CI) during the processes Data from the literature about 
active ingredient content on net 
(mg/m2) with mortality 
percentage 
Laboratory wash - 
Indoor drying 
ISO 6330:2000 
wash - Indoor 
drying 
ISO 6330:2000 
wash - UV drying 
mg a.i/m2 
[authors] 
Mortality of 
conical test (%) / 
species 
In
te
rc
ep
to
r®
 
0 188.9 [108.2, 269.6]  188.9 [108.2, 269.6]   188.9 [108.2, 269.6]  211.1±27.2 
 [99] 
100.0 / 
An.stephensis 
   200 
 [131] 
100.0 / An. 
gambiae 
1 148.0 [136.7, 159.2]  145.4 [93.2, 197.7]  165.0 [135.8, 194.1]  191.1 ± 12.4 
[99] 
100.0 / 
An.stephensis 
2    167.8 ± 13.3 
[99] 
100.0 
3 133.9 [103.0, 164.8]  137.2 [37.8, 236.6]  140.5 [19.5, 261.5]  140.5 ± 23.1 
[99] 
100.0 / 
An.stephensis 
5 129.7 [43.3, 216.0]  106.8 [78.2, 135.4]  106.4 [61.6, 151.2]  99.6 – 160 
[131] 
50 – 75 / An. 
gambiae 
6    118.6 ± 19.1 
[99] 
97.5 ± 1.0 / 
An.stephensis 
8    115.2 ± 8.9 
[99] 
88.8 ± 2.2 
10    95.8 – 120 
[131] 
35 - 65 / An. 
gambiae 
15 60.7 [32.0, 89.4]  67.2 [61.1, 73.3]  82.6 [15.7, 149.5]  90.6 ± 8.4 
[99] 
72.5 ± 3.2 / 
An.stephensis 
   83.6 – 112 
[131] 
20 – 50 / An. 
gambiae 
20 41.4 [30.8, 51.9]  62.1 [26.9, 97.3]  59.4 [18.1, 100.7]  61.2 ± 2.8 
[99] 
15.0 ± 2.5 / 
An.stephensis 
   81 – 109  
[131] 
20 – 40 / An. 
gambiae 
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Table 4.5 Comparison of total active ingredient content (in mg/m²) and literature bioassay data (Continued)	  
 
N° of 
wash 
Mean (mg a.i./m2 with 95%CI) during the processes Data from the literature about active 
ingredient content on net (mg/m2) with 
mortality percentage 
 
 Laboratory 
wash - Indoor 
drying 
ISO 6330:2000 
wash - Indoor 
drying 
ISO 6330:2000 wash 
- UV drying 
mg a.i/m2 
[authors] 
Mortality of 
conical test (%) / 
species 
Pe
rm
aN
et
® 2
.0 
0 59.9 [46.2, 73.5]  59.9 [46.2, 73.5]  59.9 [46.2, 73.5]   55 
[131] 
100 / An. gambiae 
   66.7 
[104] 
100 / An. gambiae 
1 47.7 [27.3, 68.1]  45.4 [31.3, 59.6]  44.5 [39.4, 49.7]    
3 37.8 [31.0, 44.5]  32.7 [30.7, 34.7]  36.8 [24.7, 49.0]    
5 31.2 [29.4, 33.1]  26.1 [21.1, 31.2]  33.0 [28.1, 37.8]  18.98 – 30.03 
[131] 
83 – 93 / An. 
gambiae 
   53.36  
[104] 
100 / An. gambiae 
10    15.015 – 22.825 
[131] 
78 – 90 / An. 
gambiae 
   45.356  
[104] 
 
15 19.4 [18.4, 20.5]  15.0 [6.9, 23.0]  17.6 [16.1, 19.1]  11.99 – 16.61 
[131] 
43 – 85 / An. 
gambiae 
20 15.3 [12.3, 18.2]  15.8 [9.6, 21.9]  17.3 [14.8, 19.7]  10.01 – 15.125 
[131] 
28 – 70 / An. 
gambiae 
   27.347  
[104] 
100 / An. gambiae 
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Table 4.5 Comparison of total active ingredient content (in mg/m²) and literature bioassay data (Continued)	  
 N° of 
wash 
Mean (mg a.i./m2 with 95%CI) during the processes Data from the literature about active 
ingredient content on net (mg/m2) with 
mortality percentage 
  Laboratory 
wash - Indoor 
drying 
ISO 6330:2000 wash 
- Indoor drying 
ISO 6330:2000 
wash - UV drying 
mg a.i/m2 
[authors] 
Mortality of conical 
test (%) / species 
Ne
tp
ro
te
ct
®  
0 49.4 [41.3, 57.5]  49.4 [41.3, 57.5]  49.4 [41.3, 57.5]  65  
[131] 
100 / An. gambiae 
   1.95 g/kg  
[122] 
100 / An. gambiae 
1 45.8 [31.7, 59.8]  46.8 [34.7, 58.9]  48.0 [33.3, 62.8]    
3 42.5 [39.8, 45.2]  37.4 [34.6, 40.1]  43.5 [37.6, 49.4]    
5 38.5 [33.1, 43.9]  46.8 [40.5, 53.1]  45.9 [38.1, 53.7]  35.815 - 45.045 
[131] 
45 – 58 / An. 
gambiae 
   [122] 97 / An. gambiae 
10    26 – 41.6  
[131] 
35 – 50 / An. 
gambiae 
   [122] 99 / An. gambiae 
15 37.7 [27.1, 48.2]  43.4 [41.6, 45.1]  41.3 [36.9, 45.6]  25.415 – 34.385 
[131] 
23 – 34 / An. 
gambiae 
   [122] 78 / An. gambiae 
20 31.5 [22.3, 40.8]  34.5 [29.8, 39.1]  34.8 [22.7, 46.9]  22.425 – 30.225 
[131] 
15 – 28 / An. 
gambiae 
   1.52g/kg  
[122] 
76 / An. gambiae 
	  
	  
4.4.2.3 EFFECT	   OF	   THE	  WASH	   CYCLES	   AND	   CURVE	   FITTING	   (MATHEMATICAL	  MODELS	   OF	   ACTIVE	   INGREDIENT	  
RETENTION	  IN	  FUNCTION	  OF	  THE	  WASHING)	  
Table	   4.6	   summarizes	   the	   F	   test	   of	   the	   model	   fit	   and	   the	   estimated	   parameters	   of	   the	  
models.	  The	  significant	  value	  of	  the	  F	  statistics	  on	  each	  brand	  of	  LN	  is	  less	  than	  0.05	  for	  the	  4	  
models	   (linear,	   logarithmic,	   quadratic	   and	   exponential).	   This	   means	   that	   the	   variation	  
explained	  by	  each	  model	  was	  not	  due	  to	  the	  chance.	  R,	  the	  multiple	  correlation	  coefficient,	  
is	  the	  linear	  correlation	  between	  the	  observed	  and	  model-­‐predicted	  values	  of	  the	  insecticide	  
content.	  Its	  high	  value	  indicates	  a	  strong	  relationship.	  That	  was	  also	  seen	  by	  the	  R-­‐Square.	  R-­‐
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Square	  statistic,	  a	  measure	  of	  the	  strength	  of	  association	  between	  the	  observed	  and	  model-­‐	  
predicted	  values	  of	  the	  dependent	  variable	  (concentration	  of	  active	  ingredient	  of	  the	  nets),	  
was	  high	  in	  general	  for	  all	  the	  nets,	  except	  for	  the	  modeling	  of	  the	  Netprotect®	  nets.	  Indeed	  
for	  Netprotect®,	  the	  washing	  cycle’s	  data	  did	  not	  properly	  fit	  any	  curve	  model.	  For	  the	  others	  
types	   of	   net	   the	   large	   R-­‐Square	   values	   indicated	   strong	   relationships	   for	   exponential,	  
logarithmic	  and	  quadratic	  models.	  A	  comparison	  between	  the	  3	  washing	  cycles	  showed	  that	  
the	   R-­‐Square	   for	   the	   logarithmic	  model	  were	   higher	   for	   PermaNet®2.0	   nets	  while,	   for	   the	  
Interceptor®	  nets	  it	  appeared	  that	  the	  exponential	  model	  better	  follows	  the	  trend	  of	  the	  data	  
(Figure	  4.7	  and	  Figure	  4.8).	  This	  confirms	  the	  findings	  of	  A.	  Hill	  [122].	  	  
Table 4.6 Models Summary and Parameter Estimates. For each type of LN and following the washing cycle, proposed mathematic models 
with the values of the model’s parameters are given. 
Type of 
nets 
Cycles Equationb F-test of the model Model parameters 
   R R- 
Square 
F df1 df2 Sig. Const. 
(b0) 
b1 b2 
In
te
rc
ep
to
r®
 
ISO 
6330:2000 
wash – 
Indoor 
drying 
Linear 0.832 0.692 69.8 1 31 0.000 3.51 - 0.112  
Logarithmic 0.828 0.685 67.4 1 31 0.000 3.96 - 0.790  
Quadratic 0.848 0.720 38.5 2 30 0.000 3.84 - 0.203 0.004 
Exponential 0.864 0.746a 91.0 1 30 0.000 3.66 - 0.049  
ISO 
6330:2000 
wash - UV 
drying 
Linear 0.760 0.577 42.3 1 31 0.000 3.63 - 0.112  
Logarithmic 0.808 0.653a 58.4 1 31 0.000 4.20 - 0.841  
Quadratic 0.793 0.629 25.4 2 30 0.000 4.12 - 0.248 0.006 
Exponential 0.772 0.596 45.8 1 31 0.000 3.72 - 0.046  
Laboratory 
standard 
wash – 
Indoor 
drying 
Linear 0.914 0.835 157 1 31 0.000 3.86 - 0.151  
Logarithmic 0.854 0.729 83.5 1 31 0.000 4.32 -1.000  
Quadratic 0.918 0.843 80.3 2 30 0.000 4.06 - 0.209 0.003 
Exponential 0.939 0.881a 230 1 31 0.000 4.32 - 0.072  
a: Cycle which fit the model with the largest R-square value compared to the other cycles.  
b: Linear. Model whose equation is Y = b0+ (b1 * t).  
     Logarithmic. Model whose equation is Y = b0+ (b1 * ln(t)). 
     Quadratic. Model whose equation is Y = b0+ (b1 * t)+(b2 * t**2).  
     Exponential. Model whose equation is Y = b0 * (e**(b1 * t)) or ln(Y) = ln(b0)+(b1 * t).  
With t is the number of washes and Y the active ingredient content.  
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Table 4.6 Models Summary and Parameter Estimates. For each type of LN and following the washing cycle, proposed mathematic models 
with the values of the model’s parameters are given. (Continued) 
Type of 
nets 
Cycles Equationb F-test of the model Model parameters 
   R R- 
Square 
F df1 df2 Sig. Const. 
(b0) 
b1 b2 
Pe
rm
aN
et
® 2
.0 
ISO 
6330:2000 
wash  –
Indoor 
drying 
Linear 0.824 0.679 65.6 1 31 0.000 1.19 - 0.043   
Logarithmic 0.943 0.890a 250 1 31 0.000 1.46 - 0.350  
Quadratic 0.930 0.865 96.4 2 30 0.000 1.52 - 0.135 0.004 
Exponential 0.851 0.723 81.1 1 31 0.000 1.20 - 0.054  
ISO 
6330:2000 
wash - UV 
drying 
Linear 0.866 0.749 92.6 1 31 0.000 1.29 - 0.045  
Logarithmic 0.941 0.885 238 1 31 0.000 1.53 - 0.347  
Quadratic 0.946 0.895a 128 2 30 0.000 1.58 - 0.126 0.004 
Exponential 0.873 0.762 99.0 1 31 0.000 1.32 - 0.053   
Laboratory 
standard 
wash – 
Indoor 
drying 
Linear 0.851 0.724 81.2 1 31 0.000 1.33 - 0.048  
Logarithmic 0.938 0.880a 228 1 31 0.000 1.60 - 0.376  
Quadratic 0.930 0.864 95.5 2 30 0.000 1.64 - 0.135 0.004 
Exponential 0.873 0.762 99.3 1 31 0.000 1.36 - 0.056   
a: Cycle which fit the model with the largest R-square value compared to the other cycles.  
b: Linear. Model whose equation is Y = b0+ (b1 * t).  
     Logarithmic. Model whose equation is Y = b0+ (b1 * ln(t)). 
     Quadratic. Model whose equation is Y = b0+ (b1 * t)+(b2 * t**2).  
     Exponential. Model whose equation is Y = b0 * (e**(b1 * t)) or ln(Y) = ln(b0)+(b1 * t).  
With t is the number of washes and Y the active ingredient content.  
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Table 4.6 Models Summary and Parameter Estimates. For each type of LN and following the washing cycle, proposed mathematic models 
with the values of the model’s parameters are given. (Continued) 
Type of 
nets 
Cycles Equationb F-test of the model Model parameters 
   R R- 
Square 
F df1 df2 Sig. Const. 
(b0) 
b1 b2 
Ne
tp
ro
te
ct
®  
ISO 
6330:2000 
wash  –
Indoor 
drying 
Linear 0.563 0.317 14.4 1 31 0.001 1.07 - 0.012  
Logarithmic 0.451 0.203 7.91 1 31 0.008 1.08 - 0.065  
Quadratic 0.625 0.391a 9.61 2 30 0.001 0.986 0.011 - 0.001 
Exponential 0.565 0.319 14.5 1 31 0.001 1.07 - 0.012  
ISO 
6330:2000 
wash - UV 
drying 
Linear 0.770 0.592 45.0 1 31 0.000 1.12 - 0.015  
Logarithmic 0.633 0.401 20.7 1 31 0.000 1.15 - 0.086  
Quadratic 0.817 0.667a 30.0 2 30 0.000 1.05 0.007 - 0.001 
Exponential 0.772 0.596 45.7 1 31 0.000 1.13 - 0.016  
Laboratory 
standard 
wash – 
Indoor 
drying 
Linear 0.641 0.411 21.7 1 31 0.000 1.04 - 0.012  
Logarithmic 0.556 0.309 13.8 1 31 0.001 1.07 - 0.074  
Quadratic 0.690 0.476a 13.6 2 30 0.000 0.971 0.007 - 0.001 
Exponential 0.643 0.413 21.8 1 31 0.000 1.05 - 0.014  
a: Cycle which fit the model with the largest R-square value compared to the other cycles.  
b: Linear. Model whose equation is Y = b0+ (b1 * t).  
     Logarithmic. Model whose equation is Y = b0+ (b1 * ln(t)). 
     Quadratic. Model whose equation is Y = b0+ (b1 * t)+(b2 * t**2).  
     Exponential. Model whose equation is Y = b0 * (e**(b1 * t)) or ln(Y) = ln(b0)+(b1 * t).  
With t is the number of washes and Y the active ingredient content.  
Comparative	  effects	  of	  washing	  and	  drying	  methods	  on	  LLINs	  
79	  
	  
	  
Figure	  4.7	  Effect	  of	  washing	  on	  alpha-­‐cypermethrin	  total	  content	  of	  Interceptor®:	  exponential	  curves	  fitted	  to	  the	  data.	  The	  
exponential	  curve	  fitting	  of	  the	  data	  for	  each	  of	  the	  3	  washing	  cycles	  is	  shown.	  The	  concentration	  of	  the	  insecticide	  on	  the	  
net	  as	  an	  exponential	  function	  of	  the	  number	  of	  washes	  is	  then	  shown.	  
	  
	  
Figure	  4.8	  Effect	  of	  washing	  on	  deltamethrin	  total	  content	  of	  PermaNet®2.0:	  logarithmic	  curves	  fitted	  to	  the	  data.	  The	  figure	  
shows	   the	   logarithmic	   curve	   fitting	   the	   data	   for	   each	   of	   the	   3	   washing	   cycles	   performed.	   The	   concentration	   of	   the	  
insecticide	  on	  the	  net	  as	  a	  logarithmic	  function	  of	  the	  number	  of	  washes	  is	  then	  shown.	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4.4.3 EFFECT	   OF	   WASHING	   PROCEDURE	   (COMPARISON	   OF	   LABORATORY	   HAND	   WASHING	  
SIMULATION	  VERSUS	  ISO	  6330:2000	  MACHINE	  WASHING)	  
A	   literature	   search	   was	   done	   to	   find	   data	   coming	   from	   Interceptor®,	   PermaNet®2.0	   and	  
Netprotect®	   nets	  washed	   following	   the	   laboratory	   hand	  washing	   simulation	   and	   using	   the	  
classic	  detergent	  ‘‘Savon	  de	  Marseille’’.	  	  
Table	   4.7	   presents	   a	   comparison	   between	   literature	   data	   and	   data	   obtained	   in	   this	  work.	  
Both	  data	  show	  that	  the	  percentage	  of	  the	   insecticide	  decreases	  after	  washing,	  and	  that	   it	  
decreases	  in	  function	  of	  the	  number	  of	  washings.	  When	  the	  results	  obtained	  in	  this	  study	  are	  
compared	  to	  those	  of	  the	  literature,	  small	  to	  big	  differences	  are	  found.	  This	  can	  be	  explained	  
by	  the	  fact	  that	   firstly,	  only	   few	  data	  are	  available	   in	   literature,	  and	  secondly,	   the	  baseline	  
concentration	  of	  the	  nets,	  the	  net	  materials,	  and	  the	  soap	  used	  might	  have	  been	  different	  in	  
literature	   compared	   to	   this	  work.	   In	   this	  way,	   it	   is	   not	  possible	   to	   say	   that	   the	  method	  of	  
washing	  is	  the	  only	  determining	  factor	  that	  explains	  the	  differences	  between	  the	  literature	  
and	  the	  observed	  data.	  
Table 4.7 Literature data of laboratory hand washing simulation with “Savon de Marseille” and current study data with “CIPAC washing 
agent”. A comparison between the literature data and the data obtained in this study is presented. The comparison of these data is based 
on the overall percent of retention.   
Type of nets N° of 
wash 
Current study data 
Laboratory hand washing simulation 
with CIPAC washing agent 
Literature 
Laboratory hand washing simulation with 
“Savon de Marseille” 
g a.i./kg of net Overall retention 
(%) 
g a.i./kg of net [authors] Overall retention 
(%) 
Interceptor® 
 
0 4.72  -  
1 3.70 78.3 - - 
3 3.35 70.9 - - 
5 3.24 68.7 - - 
15 1.52 32.1 - - 
20 1.03 or 41.36* 21.9 40* [128] - 
*: the concentration was expressed in mg a.i./m2 of the net 
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Table 4.7 Literature data of laboratory hand washing simulation with “Savon de Marseille” and current study data with “CIPAC washing 
agent”. A comparison between the literature data and the data obtained in this study is presented. The comparison of these data is based 
on the overall percent of retention. (Continued) 
Type of nets N° of 
wash 
Current study data 
Laboratory hand washing simulation 
with CIPAC washing agent 
Literature 
Laboratory hand washing simulation with 
“Savon de Marseille” 
g a.i./kg of net Overall retention 
(%) 
g a.i./kg of net [authors] Overall retention 
(%) 
PermaNet®2.0 0 2.00  2.06 [122]  
  1.50 [140]  
1 1.59 79.7 2.57 [122] 124.8 
  1.28 [122] 85.3 
3 1.26 63.1 2.11 [122] 102.4 
  0.96 [140] 63.8 
5 1.04 52.1 2.04 [122] 99.0 
  0.59 [140] 39.5 
15 0.65 32.5 1.59 [122] 77.2 
20 0.51 25.5 1.20 [122] 58.3 
   25* [108]  
Netprotect® 0 1.12  1.95 [122]  
  1.88 [140]  
1 1.04 92.7 2.00 [122] 102.5 
  1.85 [140] 98.3 
3 0.97 86.1 1.97 [122] 100.9 
   1.74 [140] 92.2 
5 0.88 78.0 1.92 [122] 98.2 
  1.65 [140] 87.6 
15 0.86 76.2 1.71 [122] 87.3 
20 0.72 63.9 1.52 [122] 77.6 
*: the concentration was expressed in mg a.i./m2 of the net 
	  
Coming	  back	  to	  the	  current	  study,	  the	  retention/release	  and	  the	  concentration	  of	  the	  active	  
ingredient	   of	   LNs	   washed	   following	   the	   laboratory	   hand	   washing	   simulation	   (WHOPES	  
standard	  washing	  procedure	  with	   the	  proposed	  CIPAC	  washing	  agent)	  was	  compared	  with	  
the	  LNs	  washed	  with	  the	  domestic	  washing	  procedure	  (ISO	  6330:2000	  machine	  washing).	  
Figures	  4.9	  to	  4.11	  show	  the	  graphs	  of	  the	  active	  ingredient	  content	  from	  the	  LNs	  in	  relation	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with	  the	  number	  of	  washes	  for	  both	  washing	  procedures.	  Figure	  4.9	  and	  Figure	  4.10	  show	  no	  
different	  effect	  of	  both	  washing	  procedures	  on	  active	  ingredient	  content	  of	  Interceptor®	  and	  
PermaNet®2.0	  nets.	  This	  was	  not	  the	  case	  for	  the	  Netprotect®	  nets	   (Figure	  4.11).	  For	  these	  
nets,	   the	   concentration	   of	   the	   active	   ingredient	   after	   washing	   with	   the	   laboratory	   hand	  
simulation	   procedure	   was	   lower	   than	   after	   washing	   with	   the	   ISO	   6330:2000	   machine	  
procedure.	  All	  these	  observations	  were	  confirmed	  by	  statistics	  shown	  in	  Table	  4.8.	  
	  
	  
Figure	  4.9	  Influence	  of	  washing	  procedures	  on	  alpha-­‐cypermethrin	  content	  of	  Interceptor®	  nets.	  The	  mean	  concentration	  of	  
alpha-­‐cypermethrin	  on	  the	  net	  (±	  standard	  deviation)	  against	  the	  number	  of	  washes	  for	  each	  washing	  procedure	  is	  shown.	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Figure	  4.10	   Influence	  of	  washing	  procedures	  on	  deltamethrin	   content	  of	  PermaNet®2.0	  nets.	   The	  mean	  concentration	  of	  
deltamethrin	  on	  the	  net	  (±	  standard	  deviation)	  against	  the	  number	  of	  washes	  for	  each	  washes	  procedure	  is	  shown.	  	  
	  
	  
	  
Figure	   4.11	   Influence	   of	   washing	   procedures	   on	   deltamethrin	   content	   of	   Netprotect®	   nets.	   The	   mean	   concentration	   of	  
deltamethrin	  onto	  the	  net	  (±	  standard	  deviation)	  against	  the	  number	  of	  washing	  for	  each	  washes	  procedure	  is	  shown.	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Table 4.8 Summary of statistic test for comparison of laboratory hand washing simulation versus ISO 6330:2000 machine washing  (Model 
I analysis of variance). The same removal of the active ingredient from the coated nets (p > 0.05) with both washing procedures and a 
significant difference of the removal from the incorporated net are shown. 
Type of Nets  F-test 
F-value  df P-value 
Interceptor® 1.00 1 and 24 0.237* 
PermaNet®2.0 4.02 1 and 24 0.056* 
Netprotect® 11.2 1 and 24 0.003 
	  
The	  influence	  of	  the	  washing	  procedure	  depends	  on	  the	  type	  of	  the	  LNs.	  As	  the	  P-­‐value	  was	  
more	   than	  0.05	   for	   the	   Interceptor®	   and	  PermaNet®2.0	  nets,	   the	   laboratory	  hand	  washing	  
simulation	  and	  the	  ISO	  6330:2000	  machine	  washing	  had	  statistically	  the	  same	  effect	  on	  the	  
removal	  of	  active	  ingredient	  from	  those	  nets.	  For	  Netprotect®	  the	  P-­‐value	  obtained	  from	  the	  
statistical	  test	  (0.001 <	  P	  <	  0.01)	  showed	  a	  highly	  significant	  difference	  between	  the	  washing	  
procedures.	  The	  laboratory	  hand	  simulation	  washing	  removed	  more	  active	   ingredient	  from	  
the	  Netprotect®	  nets	  than	  the	  ISO	  6330:2000	  machine	  washing.	  This	  shows	  that	   insecticide	  
coated	  on	  the	  net	  seems	  to	  be	  easily	  removable	  with	  a	  soft	  washing,	  while	  this	  was	  not	  the	  
case	   for	   the	   insecticide	   incorporated	   into	   the	   nets.	   This	   confirms	   the	   fact	   that	  washing	   is	  
considered	   to	  be	  a	  more	   important	   loss	  mechanism	   for	   coated	  nets	   than	   for	   incorporated	  
nets	  [141].	  This	  was	  found	  for	  the	  Netprotect®	  nets.	  
The	  ISO	  6330:2000	  machine	  washing	  procedure,	  considered	  to	  be	  the	  more	  stringent	  [117]	  
(European	  standard	  for	  domestic	  washing	  procedure	  for	  textiles	  testing),	  seems	  to	  have	  less	  
impact	   compared	   to	   the	   laboratory	   washing	   procedure	   which	   is	   considered	   as	   a	   hand	  
simulation	  washing	  procedure	  [142].	  So	  applying	  the	   ISO	  6330:2000	  machine	  washing	  with	  
the	   IEC	   A	   detergent	   to	   the	   nets	   could	   underestimate	   the	   loss	   of	   active	   ingredient	   due	   to	  
washes.	  At	   the	   same	   time	   it	   seems	  better	   to	  wash	   LNs	  using	   this	   procedure	   compared	   to	  
washing	   by	   hand.	   The	   explanation	   of	   this	   difference	   might	   be	   based	   on	   the	   soap	   used	  
(chemical	   action)	   and/or	   on	   the	   shaking	   process	   (mechanical	   action)	   applied	   in	   both	  
methods.	   The	   chemical	   impact	   might	   be	   due	   to	   the	   emulsification	   actions	   of	   surfactants	  
while	   the	   mechanical	   action	   is	   caused	   by	   the	   textiles	   impacting	   and	   rubbing	   against	   one	  
another	  [143].	  
Mechanical	   action	   plays	   an	   important	   role	   in	   washing	   processes	   [144],	   it	   is	   seen	   to	   be	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responsible	  for	  textile	  wear;	  so,	  it	  might	  be	  also	  the	  wear	  cause	  of	  removal	  of	  the	  insecticide	  
from	   the	   net.	   The	   washing	   machine	   involves	   important	   mechanical	   forces:	   the	   normal/	  
impact	   force	  and	   the	  abrasion/friction	   force	   (Figure	  4.12).	   The	  abrasion	   force	   is	   related	   to	  
the	  drum	  rotation	  speed	  during	  the	  main	  washing.	  Considering	  the	  impact	  force,	  it	  is	  likely	  to	  
be	   higher	   for	   the	   laboratory	   hand	   washing	   simulation	   than	   the	   ISO	   6330:2000	   machine	  
washing	   procedure.	   This	   might	   be	   why	   the	   laboratory	   hand	   washing	   simulation	   using	  
horizontal	  shaking	  affected	  more	  the	  release	  of	  the	  active	  ingredient	  from	  the	  nets.	  
Even	   if	   it	   was	   found	   here	   for	   Netprotect®	   that	   the	   laboratory	   hand	   washing	   simulation	  
removes	   more	   insecticide	   from	   the	   nets,	   it	   still	   underestimating	   the	   real	   impact	   of	   the	  
washing	   by	   hand	   [131].	   Some	   studies	   [140,142]	   show	   that	   the	   dose	   of	   the	   new	   CIPAC	  
detergent	  should	  be	  5.0	  g/L	  in	  order	  to	  reach	  the	  expected	  effect	  of	  hand	  washing.	  The	  same	  
studies	  show	  that	  4.0	  g/L	  CIPAC	  washing	  agent	  seemed	  to	  be	  close	  to	  2.0	  g/L	  Marseille	  soap	  
in	  the	  same	  washing	  conditions	  and	  that	  8.0	  g/L	  gave	  some	  difference	  according	  to	  the	  nets	  
used.	  	  
Recently	   in	   the	   framework	  of	   the	  call	  of	   the	  54th	  CIPAC	  Technical	  meeting,	  a	  new	  washing	  
method	  simulating	  the	  hand	  washing,	  called	  the	  CIPAC	  method	  MT	  195	  for	  wash	  resistance	  
of	   LN	   was	   validated	   and	   the	   results	   were	   presented	   at	   the	   CIPAC	   Technical	   meeting	   at	  
Ukraine	   in	   June	  2013	  [145].	  This	  method	  was	  adopted	  as	  a	   full	  CIPAC	  method.	   It	   is	  slightly	  
different	  in	  its	  process	  from	  the	  WHO	  standard	  washing	  method,	  but	  recommends	  the	  CIPAC	  
washing	  agent	  at	  the	  concentration	  at	  5.0	  g/L	  [146].	  	  
	  
	  
Figure	  4.12	  Mechanic	  forces	  illustration	  during	  the	  washing	  process.	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4.4.4 EFFECT	  OF	  DRYING:	  INDOOR	  DRYING	  VERSUS	  OUTDOOR	  DRYING	  WITH	  UV	  LIGHT	  
Data	  obtained	  from	  the	  GC	  analysis	  were	  clustered	   in	  graphs	   (Figure	  4.13,	  Figure	  4.14	  and	  
Figure	  4.15)	  and	  statistically	  analyzed	  with	  two-­‐way	  ANOVA	  using	  drying	  processes	  as	  fixed	  
factor	  with	   2	   levels	   (indoor	   and	  UV	   drying)	   and	   number	   of	  washes	   as	   fixed	   factor	  with	   5	  
levels.	  
	  
4.4.4.1 INTERCEPTOR®	  NETS	  
The	   two-­‐way	   ANOVA	   model	   was	   used	   to	   check	   firstly,	   whether	   there	   is	   an	   interaction	  
between	  the	  number	  of	  washes	  and	  the	  drying	  method.	  It	  was	  found	  that	  even	  if	  there	  was	  
an	  interaction,	  it	  was	  not	  statistically	  significant	  (F	  =	  0.558;	  df	  =	  4	  and	  20;	  P	  =	  0.696	  >	  0.05).	  
That	  means	  that	  a	  similar	  effect	  of	  the	  number	  of	  washes	  on	  the	  active	  ingredient	  content	  
can	  be	  expected	  for	  both	  indoor	  and	  UV	  drying.	  
	  
Figure	  4.13	  Comparison	  of	  drying	  processes	  on	  alpha-­‐cypermethrin	  content	  of	  Interceptor®	  nets.	  The	  mean	  concentration	  of	  
alpha-­‐cypermethrin	  on	  the	  net	  (±	  standard	  deviation)	  against	  the	  number	  of	  washes	  for	  each	  drying	  procedure	  is	  shown.	  	  
As	   for	   the	   effect	   of	   drying,	   the	   data	   showed	   no	   significant	   difference	   in	   the	   alpha-­‐
cypermethrin	  concentration	  between	  the	  indoor	  dried	  samples	  and	  the	  UV	  dried	  samples	  (F	  
=	  2.63;	  df	  =	  1	  and	  24;	  P	  =	  0.118	  >	  0.05).	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4.4.4.2 PERMANET®2.0	  NETS	  
The	  interaction	  between	  the	  number	  of	  washes	  and	  the	  drying	  method	  was	  found	  to	  be	  not	  
statistically	  significant	  (F	  =	  1.83;	  df	  =	  4	  and	  20;	  P	  =	  0.163	  >	  0.05).	  
	  
Figure	   4.14	   Comparison	   of	   drying	   processes	   on	   deltamethrin	   content	   of	   PermaNet®2.0	   nets.	   The	  mean	   concentration	   of	  
deltamethrin	  on	  the	  net	  (±	  standard	  deviation)	  against	  the	  number	  of	  washes	  for	  each	  drying	  procedure	  is	  shown.	  	  
Even	  if	  an	  apparent	  difference	  is	  observed	  from	  the	  curve	  (Figure	  4.14),	  the	  two-­‐way	  ANOVA	  
test	   revealed	   no	   significant	   difference	   in	   deltamethrin	   concentration	   between	   the	   indoor	  
dried	  and	  the	  UV	  dried	  samples	  (F	  =	  4.23;	  df	  =	  1	  and	  24;	  P	  =	  0.051	  >	  0.05).	  
	  
4.4.4.3 NETPROTECT®	  NETS	  
The	  interaction	  between	  the	  number	  of	  washes	  and	  the	  drying	  method	  was	  found	  to	  be	  not	  
statistically	  significant	  (F	  =	  0.730;	  df	  =	  4	  and	  20;	  P	  =	  0.582	  >	  0.05).	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Figure	   4.15	   Comparison	   of	   drying	   processes	   on	   deltamethrin	   content	   of	   Netprotect®	   nets.	   The	   mean	   concentration	   of	  
deltamethrin	  onto	  the	  net	  (±	  standard	  deviation)	  against	  the	  number	  of	  washes	  for	  each	  drying	  procedure	  is	  shown.	  	  
Again	   two-­‐way	  ANOVA	  statistical	  analysis	   showed	  no	  significant	  difference	   in	  deltamethrin	  
concentration	  between	  the	  indoor	  dried	  and	  UV	  dried	  samples	  (F	  =	  1.08;	  df	  =	  1	  and	  24;	  P	  =	  
0.310	  >	  0.05).	  
The	   fact	   that	   no	   significant	   effect	   of	  UV-­‐exposure	  was	   found	   on	   the	   release	   of	   the	   active	  
ingredient	   from	  the	  net	   [102,130]	  might	  be	  explained	  by	  the	  fact	  that	  the	  duration	  and/or	  
the	   temperature	   of	   the	   exposure	   during	   the	   experiments	  were	   not	   enough	   to	   induce	   the	  
regeneration	  activity	  of	  the	  insecticide.	  
Studies	  of	  the	  effect	  of	  sunlight	  on	  insecticides	  on	  LNs	  give	  controversial	  findings.	  Some	  state	  
that	   pyrethroids	   are	   degraded	   when	   they	   are	   exposed	   to	   sunlight	   [134,147,148],	   others	  
[102,115,130,149]	   contradicted	   those	   observations.	   Taking	   into	   account	   studies	   for	  
regeneration	  of	  insecticides	  from	  nets,	  it	  can	  be	  a	  hypothesis	  that	  the	  heat	  from	  the	  sunlight	  
might	  be	  more	  responsible	  for	  the	  insecticides	  dissipation	  than	  the	  UV.	  A	  study	  showed	  that	  
when	  LNs	  were	  exposed	  to	  sunlight	  (or	  heat)	  after	  washing,	  the	  killing	  effect	  on	  mosquitoes	  
increased	   [50].	   This	   was	   explained	   by	   an	   acceleration	   of	   the	   insecticide	   migration	   to	   the	  
surface	   of	   the	   net	   (regeneration).	   So	   the	   next	   wash	   removes	   more	   insecticide	   from	   the	  
surface	   and	   in	   this	   way	   the	   effect	   of	   the	   sunlight	   on	   the	   active	   ingredient	   on	   the	   net	   is	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explained.	   This	   is	  more	   a	   consequence	   of	   the	   heat	   of	   the	   sunlight.	   In	   this	   study,	   only	   the	  
effect	  of	  UV	  was	  expected	  to	  have	  an	  impact	  on	  the	  release	  of	  the	  active	  ingredient	  as	  the	  
temperature	  in	  the	  room	  (22°C)	  is	  less	  than	  the	  average	  of	  40	  or	  60°C	  [114,142,150]	  that	  can	  
involve	  the	  regeneration	  of	  the	  active	  ingredient.	  In	  this	  study	  it	  was	  found	  that	  the	  UV	  light	  
did	  not	  affect	  the	  active	  ingredient	  content	  of	  the	  nets	  (independent	  of	  the	  type	  of	  net).	  This	  
can	  be	  explained	  by	   the	   fact	   that	  all	   the	  nets	   tested	  contained	  an	  UV	  protectant.	  Also	   the	  
intensity	  of	  the	  light	  may	  be	  less	  than	  in	  real	  outside	  circumstances.	  
	  
4.5 CONCLUSION	  
The	   study	   confirmed	   that	   washing	   affects	   the	   concentration	   of	   active	   ingredient	   in	   LN	  
independently	  of	  the	  impregnation	  technology	  of	  the	  net.	  The	  total	  active	  ingredient	  content	  
in	   LNs	   decreases	   with	   the	   number	   of	   washes.	   Independently	   of	   the	   washing	   and	   drying	  
process,	  coated	  nets	  lost	  70%	  of	  the	  insecticide	  content	  after	  20	  washes,	  while	  incorporated	  
nets	  lost	  only	  30%.	  The	  wash	  resistance	  of	  incorporated	  nets	  is	  higher	  compared	  to	  coated	  
nets.	   It	   was	   also	   found	   that	   in	   general,	   the	   best	   fitting	   mathematical	   model	   of	   active	  
ingredient	   retention/release	   with	   washing	   was	   the	   exponential	   or	   logarithmic	   model	   for	  
coated	  nets,	  while	  the	  Netprotect®	  nets	  did	  not	  fit	  well	  any	  of	  the	  mathematical	  models	  tried	  
out.	  
Comparing	  the	  effect	  of	  the	  washing	  procedures	  on	  the	  active	  ingredient	  content	  remaining	  
in	   the	  nets	   showed	   that	   the	   laboratory	  hand	  washing	   simulation	  using	   the	  CIPAC	  washing	  
agent	   at	   the	   concentration	   of	   8	   g/L	   released	   more	   insecticide	   from	   the	   incorporated	  
mosquito	   nets	   (Netprotect®)	   than	   the	   ISO	   6330:2000	   machine	   washing	   procedure.	   The	  
difference	   between	   the	   2	   washing	   procedures	   was	   not	   significant	   for	   coated	   nets	  
(Interceptor®	   and	   PermaNet®2.0).	   The	  washing	   impact	   on	   the	   LNs	   depends	  mainly	   on	   the	  
impregnation	  technologies	  used.	  The	  effect	  of	  drying	  procedures	  on	  the	  release	  of	  the	  active	  
ingredient	   from	  each	   type	  of	  net	  was	  not	   statistically	   significant.	  This	  might	  be	  due	   to	   the	  
efficiency	   of	   UV	   protection	   technology	   used	   by	   the	  manufacturers	   and/or	   the	   absence	   of	  
higher	  temperatures	  and/or	  higher	  UV	  intensity.	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CHAPTER	  5: HUMAN	  AND	  ENVIRONMENTAL	  EXPOSURE	  
TO	  PESTICIDE	  RESIDUES	  FROM	  TREATED	  MOSQUITO	  NETSvii	  
	  
This	   chapter	   aims	   to	   assess	   human	   exposure	   while	   sleeping	   under	   LN.	   It	   also	   deals	   with	  
environmental	  contamination	  due	  to	  the	  use	  of	  impregnated	  mosquito	  nets.	  	  
	  
5.1 ABSTRACT	  
	  
Insecticides	   used	   for	   long-­‐lasting	   insecticidal	  mosquito	   nets	   (LNs)	   are	   toxic	   by	   nature	   and	  
may	  cause	  adverse-­‐effects	  to	  human	  or/and	  the	  environment.	  So	  far,	  publications	  paid	  little	  
attention	  to	  the	  effect	  of	  long-­‐term	  exposure	  for	  people	  sleeping	  under	  LNs.	  Also	  as	  washing	  
processes	  remove	  insecticides	  from	  LNs,	  no	  attention	  is	  paid	  to	  the	  potential	  contamination	  
of	  water	  resources.	  	  
Test	  protocols	  were	   set-­‐up	  on	   two	  coated	  mosquito	  nets	   (Interceptor®	  and	  PermaNet®2.0)	  
and	   one	   incorporated	   mosquito	   net	   (Netprotect®).	   Human	   exposure	   was	   assessed	   by	  
measuring	   the	  dermal	  and	   the	   inhalation	  exposure	   in	  3	  different	  ways.	  Pure	  cotton	  gloves	  
and	   tissues	   were	   used	   to	   sample	   the	   dermal	   exposure.	   Environmental	   exposure	   was	  
assessed	  for	  the	  air	  compartment	  by	  using	  data	  from	  inhalation	  exposure	  and	  for	  the	  water	  
compartment	  by	  estimating	  the	  amount	  of	  insecticide	  released	  during	  washing.	  	  
The	   estimated	   insecticide	   transferred	   to	   skin	   was	   only	   quantifiable	   for	   Interceptor®	   and	  
PermaNet®2.0	   nets.	   Inhalation	   exposure	   was	   not	   quantifiable	   or	   very	   low	   for	   all	   the	   LNs.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
vii	  This	  chapter	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   and	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From	   the	  water	   contamination	   experiments,	   it	  was	   found	   that	   PermaNet®2.0	   nets	   release	  
the	  highest	  amount	  of	  insecticide	  followed	  by	  Interceptor®	  and	  Netprotect®	  nets.	  	  
This	  research	  revealed	  that	  people	  sleeping	  under	  coated	  mosquito	  nets	  are	  more	  exposed	  
compared	  to	  those	  sleeping	  under	  incorporated	  mosquito	  nets.	  The	  widespread	  use	  of	  LNs	  
may	  have	  a	  negative	   impact	  on	  aquatic	  environment,	   as	   the	   contamination	   level	  of	  water	  
resources	  could	  be	  high.	  
	  
5.2 BACKGROUND	  
	  
Nowadays	   long-­‐lasting	   insecticidal	  mosquito	  nets	  are	  one	  of	   the	  most	  useful	   and	  practical	  
prevention	  methods	  against	  malaria.	  The	  effectiveness	  of	  bednets	  in	  reducing	  morbidity	  and	  
mortality	  from	  malaria	  has	  been	  proven	  [46,76,121,126].	  But	  the	  pesticides	  used	  to	  treat	  the	  
nets	  are	  toxic	  by	  nature	  and	  may	  cause	  adverse	  effects	  to	  human	  or/and	  environment.	  To	  
reduce	   this	   risk,	   the	   World	   Health	   Organization	   Pesticide	   Evaluation	   Scheme	   (WHOPES)	  
currently	  recommends	  pyrethroid	   insecticides	   for	  the	   impregnation	  of	  the	  nets.	  Pyrethroid	  
insecticides	  at	   low	  dosage	  have	  a	   rapid	  knock-­‐down	  effect	  and	  a	  high	   insecticidal	  potency	  
combined	  with	  a	  low	  mammalian	  toxicity	  [48],	  which	  makes	  them	  relatively	  safe	  for	  humans	  
during	   domestic	   handling.	   For	   exposure	   assessment	   of	   treated	   nets,	   manufacturers	   are	  
advised	   to	   use	   the	   WHO	   generic	   risk	   assessment	   model	   for	   insecticide	   treatment	   and	  
subsequent	  use	  of	  mosquito	  nets	  [76,77].	  However,	  only	  a	  few	  studies	  on	  potential	  adverse	  
effects	  of	  the	  use	  of	  LNs	  [31,48,83,115,151-­‐153]	  have	  been	  published.	  Most	  of	  them	  found	  
that	   the	   adverse	   effects	   historically	   associated	   with	   exposure	   to	   insecticides	   include	   skin	  
paraesthesia,	   skin	   burning,	   skin	   redness,	   skin	   itching,	   eye	   tearing,	   runny	   nose,	   sneezing,	  
watery	  eyes,	  mucosal	  irritation,	  headache,	  and	  dizziness	  [83,125,154].	  Little	  attention	  is	  paid	  
to	   long	  term	  exposure	  for	  people	  sleeping	  under	  LNs,	  though	  a	  few	  studies	  were	  made	  on	  
animals	  and	  were	  extrapolated	  to	  human,	  concluding	  that	  the	  accumulation	  of	  small	  doses	  
of	   pyrethroid	   possibly	   leads	   to	   disorders	   of	   the	   nervous	   system	   [155].	   The	   risk	   of	  
contamination	  of	   surface	  waters	  by	   the	  application	  of	  plant	  protection	  products	   (PPP)	  has	  
been	   recognized	   for	   a	   long	   time.	   Similarly,	   using	   LNs	   may	   also	   have	   an	   impact	   on	   the	  
environment.	  LNs	  are	  sometimes	  misused	  for	  drying	  fish	  or/and	  for	  fishing	  e.g.	  in	  Kenya	  and	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Zambia	  [80,81]	  or	  for	  prawn	  fishing	   in	  the	  Solomon	  Islands	  [82],	  or	  for	  washing	  sponges	   in	  
Liberia	  [83].	  As	   it	   is	  known	  that	  pesticides	  residues	  in	  old	  LNs	  remain	  quite	  significant	  [79],	  
the	  risk	  of	  fish	  contamination	  and	  water	  pollution	  has	  to	  be	  considered.	  This	  was	  taken	  up	  in	  
this	  study	  because	  it	  was	  observed	  that	  the	  active	  ingredient	  is	  released	  from	  LNs	  during	  the	  
washing	  of	  the	  nets	  [129,156,157].	  	  	  
The	  goal	  of	  this	  part	  of	  the	  study	  was	  to:	  
- develop	   an	   approach	   for	   assessing	   human	   exposure	   while	   touching	   and	   sleeping	  
under	  long-­‐lasting	  insecticidal	  mosquito	  nets;	  
- estimate	  the	  potential	  environmental	  water	  and	  air	  contamination	  caused	  by	  the	  use	  
of	  long-­‐lasting	  insecticidal	  mosquito	  nets	  due	  to	  washing	  and	  drying	  activities.	  	  
	  
5.3 MATERIALS	  AND	  METHODS	  
	  
5.3.1 MATERIALS	  
Two	   technologies	   of	  mosquito	   nets	  were	   considered	   for	   this	   study	   and	  were	   described	   in	  
chapter	  4	  (Section	  4.3.1).	  	  
	  
5.3.2 METHODS	  
5.3.2.1 LITERATURE	  SEARCH	  
A	  literature	  search	  on	  human	  and	  environment	  exposure	  caused	  by	  the	  use	  of	   long-­‐lasting	  
insecticidal	  mosquito	   nets	  was	   carried	   out	   on	   the	   ISI	  Web	   of	   Knowledge	   data	   and	   on	   the	  
WHO,	   Toxnet,	   PubChem	  and	   European	  Union	   Pesticides	   database	  websites.	   The	   following	  
combinations	   of	   keywords	  were	   used	   for	   the	   search;	  mosquito	   nets,	   exposure,	   long	   term	  
effect,	   insecticides,	   toxicity,	   deltamethrin,	   alpha-­‐cypermethrin,	   contamination,	   water	  
resource.	   Only	   the	   articles	   in	   open	   literature	   relevant	   to	   this	   work	   were	   kept.	   Reference	  
sections	  within	  the	  articles	  obtained	  were	  used	  to	  find	  more	  studies	  that	  might	  have	  been	  
missed	   during	   the	   general	   search	   on	   the	   main	   websites.	   The	   research	   was	   focused	   on	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physical	   and	   chemical	   properties	   of	   deltamethrin	   and	   alpha-­‐cypermethrin	   affecting	   the	  
dermal	   and	   the	   inhalation	   exposure,	   and	   also	   the	   relevant	   toxicological	   endpoints	   for	   the	  
pesticides	  involved	  in	  the	  study.	  The	  outcome	  of	  this	  study	  was	  compared	  to	  the	  data	  found	  
in	  the	  literature.	  
	  
5.3.2.2 HUMAN	  EXPOSURE	  	  
Exposure	   is	   usually	   defined	   as	   the	   amount	   of	   substances	   that	   comes	   into	   contact	   with	   a	  
person	   [76].	  The	  potential	   routes	  of	  exposure	   for	  people	  sleeping	  under	   impregnated	  nets	  
are	  inhalation	  and	  dermal	  contact	  with	  the	  net.	  In	  the	  case	  of	  infants	  and	  young	  children,	  the	  
additional	   route	   is	   that	   the	  net	  may	  be	  mouthed,	   chewed,	  or	   sucked	   [76,77,151].	   For	   this	  
study	   only	   dermal	   and	   inhalation	   routes	   were	   considered	   because	   adult	   exposure	   was	  
concerned	  here.	  	  
	  
5.3.2.2.1 Assessment	  of	  Dermal	  exposure	  –	  skin	  contact	  
Similarly	   to	   study	   done	   by	   J.	   Ross	   et	   al	   [158]	  where	   to	  measure	   the	   amount	   of	   pesticide	  
residues	  that	  may	  be	  transfer	  from	  carpets	  to	  adult	  skin,	  dosimeter	  clothing	  including	  100%	  
cotton	  gloves	  were	  used,	  the	  same	  approach	  were	  used	  here.	  
Pure	  Cotton	  gloves:	  Sekuroka®-­‐	  Cotton	  gloves	  were	  purchased	  from	  Carl	  Roth	  GmbH	  Co	  KG	  
Company.	  	  
Cotton	   tissue:	  The	  cotton	  material	  was	  provided	  by	  Anbanderado	  Company.	   It	   is	  a	  knitted	  
cotton	  characterized	  by	  100	  %	  cotton	  165/175g/m2	  &	  40/45	  cm	  width,	  optical	  white,	  knitted	  
rib	  1/1.	  
To	   estimate	   the	   dermal	   exposure,	   information	   is	   required	   on	   the	   surface	   area	   of	   the	   skin	  
that	  is	  exposed	  [159].	  The	  frequency	  and	  the	  duration	  of	  contact	  also	  affect	  dermal	  exposure	  
[159].	  
The	  dislodgeable	  residue	  is	  the	  amount	  of	  pesticide	  that	  might	  be	  released	  from	  the	  net	  by	  
touching	  it.	  To	  assess	  the	  dislodgeable	  residue	  from	  the	  net,	  the	  following	  test	  setups	  were	  
evaluated.	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5.3.2.2.1.1 Test	   set	   up	   1:	   Hand	   surface	   test	   –	   estimation	   of	   insecticide	   transfer	   on	   skin	   of	  
bare	  hands	  
In	   a	   first	   test,	   the	   exposure	   of	   hands	   coming	   in	   contact	   with	   the	   net	   was	   estimated.	   By	  
touching	  the	  net,	  it	  is	  supposed	  that	  an	  amount	  of	  the	  insecticide	  coated	  or	  incorporated	  is	  
transferred	  to	  the	  skin.	  
It	  was	  hypothesized	  that	  per	  day,	  the	  nets	  are	  touched	  10	  times	  by	  one	  hand.	  This	  takes	  into	  
account:	  making	  up	  the	  bed	  4	  times	  -­‐	  coming	  into	  the	  bed	  1	  time	  -­‐	  going	  out	  off	  the	  bed	  1	  
time	  –	  folding	  the	  net	  4	  times.	  In	  the	  experimental	  test	  set	  up,	  5	  operators	  wearing	  cotton	  
gloves	  touched	  the	  net	  10	  times	  at	  different	  parts.	  After	  touching	  the	  net,	  the	  whole	  glove	  
was	  cut	  in	  small	  pieces	  and	  was	  analyzed	  by	  GC-­‐ECD	  for	  the	  determination	  of	  the	  transferred	  
active	  ingredient.	  The	  experiment	  was	  repeated	  3	  times	  by	  each	  operator.	  	  
The	  potential	  exposure	  per	  m2	  of	   skin	   (𝑃𝐸!)	   in	  contact	  with	   the	  net	  was	  calculated	  by	   the	  
Equation	  5.1	  as:	  
𝑃𝐸! = !.!.!"!"#$%	  	  (mg/m2)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.1)	  𝑎. 𝑖.𝑇𝐹	  :	  Total	  active	  ingredient	  transferred	  from	  net	  (mg)	  	  
	   𝐴𝐻𝑎𝑛𝑑	  :	  Hand	  surface	  potentially	  in	  contact	  with	  the	  net	  (m2)	  
The	  estimation	  of	  the	  surface	  of	  the	  hand	  potentially	  in	  contact	  with	  the	  net	  was	  calculated	  
following	  two	  options:	  
• Option	   1:	   Estimation	   based	   on	   the	   data	   of	   the	   United	   States	   Environmental	  
Protection	  Agency	  (USEPA),	  (1997a	  USEPA)	  that	  assumes	  a	  total	  body	  surface	  area	  at	  
1.8	  m2	   and	   the	  percentage	  of	   total	   body	   surface	   area	   for	   trunk	   at	   31%,	  hands	  5%,	  
arms	  14%,	  lower	  legs	  13%,	  feet	  7%.	  The	  surface	  area	  of	  the	  hand	  is	  then	  given	  as	  a	  
portion	  of	  the	  whole	  body	  surface	  [76].	  
• Option	  2:	  Estimation	  of	  the	  real	  hand	  surface	  of	  the	  operators	  calculated	  as	  follows.	  
The	  operator	  put	  his	  hand	  on	  a	  cardboard	  paper	  and	  with	  a	  pencil	  the	  shape	  of	  the	  
hand	  was	  drawn.	  The	  hand	  print	  was	  then	  cut	  and	  weighed.	  By	  comparison	  with	  the	  
weight	  of	  a	  piece	  of	  30	  cm	  x	  20.5	  cm	  of	  the	  same	  type	  of	  paper,	  the	  surface	  area	  of	  
the	  operator	  hands	  could	  be	  quantified.	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5.3.2.2.1.2 Test	  set	  up	  2:	  Theoretical	  estimation	  of	  insecticide	  transfer	  to	  skin	  
In	  the	  second	  test	  a	  theoretical	  estimation	  of	  the	  amount	  of	  insecticide	  transfer	  to	  the	  skin	  
of	  the	  whole	  body	  was	  worked	  out.	  
According	   to	   the	   generic	   risk	   assessment	   model	   for	   insecticide	   treated	   nets,	   it	   can	   be	  
assumed	  when	   there	   is	   a	   lack	   of	   reliable	   data	   to	   assess	   the	   skin	   contact	   exposure,	   that	   a	  
certain	   percentage	   of	   the	   target	   dose	   is	   transferred	   from	   the	   net	   to	   the	   sleeping	   person	  
during	   the	   night	   [77].	   The	   United	   States	   Environmental	   Protection	   Agency	   (USEPA)	  
recommends	   a	   percentage	   of	   6%	   for	   chemicals	   that	   do	   not	   have	   chemical-­‐specific	   data	  
[160].	   The	   active	   ingredient	   concentration	   in	   the	   nets	   was	   analyzed	   (see	   Chapter	   4).	   An	  
assumption	   of	   the	   potential	   exposure	   per	   m2	   of	   skin	   (𝑃𝐸!)	   in	   contact	   with	   the	   net	   was	  
calculated	  by	  the	  Equation	  5.2	  as:	  𝑃𝐸! = 𝐶𝑜𝑛𝑐.𝑎. 𝑖.×𝑇𝑐	  	  (mg/m2)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.2)	  𝐶𝑜𝑛𝑐.𝑎. 𝑖.   :	  Concentration	  of	  active	  ingredient	  per	  meter	  square	  of	  the	  net	  (mg/m2)	  
	   	  	  𝑇𝑐  :	  Transfer	  coefficient.	  (0.06	  for	  alpha-­‐cypermethrin	  and	  0.01	  for	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  deltamethrin)	  [160]	  
	  
5.3.2.2.1.3 Test	  set	  up	  3:	  Surface	  test	  material	  –	  estimation	  of	  insecticide	  transfer	  on	  skin	  
	  The	  aim	  of	  the	  third	  test	  was	  to	  find	  out	  if	  dermal	  exposure	  could	  be	  automated,	  because	  it	  
was	  observed	   in	   test	  set	  up	  1	   that	  dermal	  exposure	  depended	  from	  person	  to	  person	  and	  
that	  the	  differences	  might	  be	  due	  to	  different	  ways	  of	  touching	  and	  different	  sizes	  of	  hand.	  
So	  a	  surface	  test	  material	  to	  evaluate	  insecticide	  transfer	  on	  skin	  was	  estimated	  independent	  
from	  human	  contact.	  	  
To	  imitate	  the	  skin	  contact	  on	  LNs,	  an	  experiment	  was	  performed	  with	  equipment	  used	  for	  
the	  determination	  of	   abrasion	   and	  pilling	   resistance	  on	   textile	   structures.	   Before	   the	   test,	  
nets	  were	  cut	  in	  pieces	  of	  140	  mm	  diameter	  /	  154	  cm2	  =	  0.0154	  m2.	  Per	  trial,	  4	  pieces	  were	  
simultaneously	   rubbed	   against	   a	   cotton	   tissue	   of	   38	   mm	   diameter	   (0.001134	   m2)	   at	   low	  
pressures	  and	  in	  continuously	  changing	  directions	  as	  shown	  in	  Figure	  5.1	  at	  a	  fixed	  number	  
of	  rotations	  per	  minute.	  The	  experiment	  was	  performed	  at	  50	  –	  100	  –	  200	  –	  500	  –	  1000	  –	  
2000	  –	  3000	  –	  5000	  rotations	  corresponding	  respectively	  to	  1	  –	  2	  –	  4	  -­‐	  10	  –	  20	  –	  40	  –	  60	  -­‐	  
100	  min.	   After	   each	   set	   of	   number	   of	   rotations,	   the	   cotton	   tissue	   was	   removed	   and	   the	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residue	   transferred	   to	   the	   tissue	   was	   analyzed	   for	   active	   ingredient	   content.	   The	   active	  
ingredient	   that	   was	   captured	   by	   the	   cotton	   during	   a	   certain	   amount	   of	   rotations	   in	   the	  
abrasion	   test	   was	   supposed	   to	   be	   the	   amount	   transferred	   by	   the	   net	   to	   the	   skin.	   The	  
potential	  exposure	  per	  m2	  of	  skin	  (𝑃𝐸!)	   in	  contact	  with	  the	  net	  was	  calculated	  by	  Equation	  
5.3.	  
𝑃𝐸! = !.!.!"!"#$$#%	  	  	  	  (mg/m2)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.3)	  𝑎. 𝑖.𝑇𝐹:	  Total	  active	  ingredient	  transferred	  from	  net	  (mg)	  
	  	  	  	  	  	  	  	  	  	  	  𝐴𝑐𝑜𝑡𝑡𝑜𝑛:	  Cotton	  tissue	  surface	  (m2)	  
	  
	  
Figure	  5.1	  Estimation	  of	  insecticide	  transfer	  on	  skin	  by	  Martindale	  abrasion	  and	  pilling	  tester	  	  	  
	  
For	   all	   three	   set	  ups	   a	  worst	   case	   assumption	  was	  made.	   That	  means	   that	   the	   amount	  of	  
active	  ingredient	  found	  was	  assumed	  to	  be	  transferred	  every	  day	  to	  the	  skin.	  From	  the	  𝑃𝐸!	  
and	  according	  to	  the	  total	  skin	  surface	  area	  potentially	  in	  contact	  with	  a	  net	  [76],	  the	  daily	  
dermal	   exposure	  or	   potential	   dermal	   exposure	  per	   day	   (𝑃𝐷𝐸)	  was	   estimated	  by	   Equation	  
5.4.	  	  𝑃𝐷𝐸 =   𝑃𝐸!×𝐴𝑠𝑘𝑖𝑛	  (mg	  a.i.	  /	  day) 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.4)	  
Cotton 
tissue	  
Net 
sample	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  𝐴𝑠𝑘𝑖𝑛	  :	  Skin	  surface	  area	  potentially	  in	  contact	  with	  the	  net.	  It	  is	  equal	  to	  0.378	  m²	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [76]	  for	  an	  adult.	  
The	  estimation	  was	  based	  not	  only	  on	  the	  fact	  that	  the	  total	  body	  surface	  is	  1.8m2,	  but	  also	  
on	  the	  statement	  that	  30%	  of	  surface	  area	  of	  the	  body	  of	  people	  sleeping	  under	  the	  net	  is	  in	  
contact	  with	  the	  net	  [76].	  
As	  the	  𝑃𝐷𝐸	  value	  is	  the	  estimated	  amount	  deposited	  on	  the	  skin,	  the	  extent	  of	  absorption	  
via	  the	  skin	  was	  calculated	  using	  a	  factor	  of	  absorption	  (𝐴𝐹)	  based	  on	  physical	  and	  chemical	  
properties	  of	  the	  active	  ingredient	  [76,161,162].	  The	  internal	  exposure	  (𝐸)	  or	  the	  insecticide	  
amount	  absorbed	  per	  kg	  body	  weight	  per	  day	  was	  estimated	  by	  Equation	  5.5	  as:	  
𝐸 =    !"#  ×  !"!" 	  	  	  (mg	  of	  a.i.	  /	  kg	  BW	  /	  day)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.5)	  
	  	  	  	  	  	  	  	  𝐴𝐹:	  Absorption	  factor	  or	  Penetration	  factor	  (10%	  for	  both	  insecticides)	  [161,162]	  
	  	  	  	  	  	  𝐵𝑊:	  Adult	  body	  weight	  (80	  kg)	  [159,160]	  	  	  
	  
5.3.2.2.1.4 Test	  set	  up	  4:	  ConsExpo4.1	  model	  
Close	   to	   previous	   approaches,	   assessing	   human	   exposure	   to	   LNs	   by	   models,	   a	   software	  
exposure	   model	   called	   ConsExpo4.1	   developed	   by	   the	   RIVM	   (Rijksinstituut	   voor	  
Volksgezondheid	   en	   Milieu)	   was	   used.	   The	   model	   uses	   different	   scenarios	   for	   which	  
measured	   data	   are	   insufficient	   or	   lacking	   [163].	   The	   model	   is	   primarily	   used	   for	   the	  
estimation	  of	  exposure	  to	  substances	  from	  consumer	  products	  and	  their	  uptake	  by	  humans	  
[164].	   Also,	   as	   there	   are	   a	   high	   number	   of	   consumer	   products,	   the	   focus	   is	   narrowed	   to	  
painting	   products,	   pest	   control	   products,	   cosmetics	   products,	   disinfectant	   products,	   and	  
cleaning	   and	   washing	   products.	   The	   principle	   of	   the	   exposure	   assessment	   using	  
ConsExpos4.1	  is	  a	  step-­‐by-­‐step	  process	  starting	  with	  designing	  the	  scenario	  and	  followed	  by	  
exposure	  and	  uptake	  according	  to	  the	  chosen	  route.	  
• Designing	  the	  scenario	  
To	  set	  up	  a	  scenario,	   the	  basic	   information	  on	   the	  product,	   the	  compound	  and	  the	  
person	  exposed	  has	  to	  be	  filled	  in.	  
The	  following	  labels	  are	  requested:	  Product	  databases	  -­‐	  Product	  categories	  -­‐	  Default	  
product	  -­‐	  Body	  weight	  and	  use	  frequency.	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To	  adapt	  the	  model	  to	  our	  study	  case,	  the	  default	  databases	  were	  browsed	  to	  select	  
the	   product	   database	   “Cleaning	   and	   washing	   product”	   with	   the	   product	   category	  
“Laundry	   products”.	   According	   to	   L.C.H.	   Prud’homme	   de	   Lodder,	   H.J.	   Bremmer,	  
J.G.M.	  van	  Engelen	  [165],	  the	  exposure	  of	  laundry	  product	  occurs	  due	  to:	  
- Inhalation	   of	   detergent	   dust	   or	   aerosol	   particles	   or	   inhalation	   of	   volatile	  
compounds.	  	  
- Direct	  skin	  contact	  with	  the	  undiluted	  (laundry	  pre-­‐treatment)	  or	  with	  the	  diluted	  
laundry	  products	  (hand	  wash).	  	  
- Indirect	  skin	  contact	  via	  release	  of	  chemicals	  from	  textile	  fibers	  to	  the	  skin.	  	  
From	  the	  three	  ways	  of	  exposure,	  in	  our	  study,	  only	  the	  indirect	  skin	  contact	  via	  the	  
release	  of	  chemical	  from	  textile	  fibers	  to	  the	  skin	  was	  concerned.	  	  
Depending	   on	   the	   chosen	   scenarios,	   physicochemical	   properties	   for	   the	   concerned	  
compounds	   (e.g.	   deltamethrin	   and	   alpha-­‐cypermethrin)	   such	   as	   application	  
temperature,	  vapor	  pressure	  and	  octanol-­‐water	  partition	  coefficient	  are	  required	  for	  
the	  calculation	  of	  the	  exposure.	  	  
The	  ‘application	  temperature’	  is	  the	  temperature	  of	  the	  room	  in	  which	  the	  product	  is	  
used,	  during	   the	   time	  of	  exposure.	   	   This	   value	   is	   important	  when	   the	  exposure	   via	  
inhalation	  route	  is	  considered	  [163].	  That	  was	  not	  the	  case	  here.	  
The	  software	  simulation	  was	  done	  with	  two	  default	  products	  (Detergent	  powder	  and	  
Detergent	  liquid)	  and	  the	  scenario	  ‘post	  application’	  was	  used.	  
• Designing	  the	  exposure	  and	  uptake	  according	  to	  the	  chosen	  route	  
Based	   on	   the	   information	   provided,	   ConExpo4.1	   proposed	   an	   exposure	   and	   an	  
uptake	  model	  to	  estimate	  inhalation,	  dermal	  and	  oral	  exposure	  to	  the	  compound.	  	  
In	   this	   study	   only	   the	   dermal	   route	   was	   considered.	   The	   specific	   information	   was	  
provided	  according	  to	  the	  default	  product	  chosen.	  
The	   general	   information	   for	   the	   set	   up	  of	   a	   scenario,	  where	   a	  person	   is	   in	   contact	  
with	  bednets	  is	  presented	  in	  Table	  5.1.	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Table 5.1 General information for the scenario. The required parameters to run the model and their characteristics 
Parameter Characteristic and estimated value 
Body weight The body weight of an adult was estimated at 80 kg [159,160] and 65 kg 
Use frequency The number of times per unit of time (i.e. per year) that the product is used. The exposure scenarios 
refer to the calculation of the exposure for a single use of the product [163]. The used frequency to 
estimate chronic exposures was 365 times per year. 
Exposed area The surface area of the skin that is exposed to the product. It was estimated to be equal to 0.378 m² 
[76] for an adult. 
	  
To	  run	  the	  program	  for	  the	  dermal	  exposure	  and	  dermal	  uptake	  in	  mode	  migration,	  
specific	   information	  was	  needed.	   The	  migration	  mode	  describes	   the	  migration	  of	   a	  
compound	  from	  a	  material	   to	  the	  skin	   in	  contact	  with	  the	  material	   [163].	  Values	  of	  
the	   leachable	   fraction,	   the	  product	  amount,	   the	  skin	  contact	   factor	  and	   the	  uptake	  
fraction	  were	  needed.	  	  
The	   leachable	   fraction	   is	  defined	  as	   the	  amount	  of	   compound	   that	  migrates	   to	   the	  
skin	  per	  unit	  amount	  of	  material	  [163].	  The	  United	  States	  Environmental	  Protection	  
Agency	   (USEPA)	   recommends	   a	   percentage	   of	   6%	   for	   chemicals	   that	   do	   not	   have	  
chemical-­‐specific	   data	   [160].	   In	   this	   case	   6%	   for	   alpha-­‐cypermethrin	   and	   1%	   for	  
deltamethrin	   [160]	   were	   used	   additional	   to	   the	   estimated	   value	   based	   on	   the	  
experiments	  done	  with	  the	  gloves	  in	  the	  section	  5.3.2.2.1.	  According	  to	  the	  amount	  
of	  active	   ingredient	   transferred	   to	   the	  gloves	  after	   touching,	   the	   leachable	   fraction	  
was	   estimated	   based	   on	   the	   initial	   concentration	   of	   the	   LNs	   (Chapter	   4)	   and	   the	  
surface	  of	  the	  hand	  potentially	  in	  contact	  with	  the	  net	  (calculated	  following	  the	  two	  
options	  seen	  above).	  The	  pesticide	  concentration	  on	  glove	  is	  divided	  by	  the	  pesticide	  
concentration	  on	  the	  net	  with	  which	  the	  operator	  was	  in	  contact	  [158].	  
The	  product	  amount	  is	  the	  amount	  of	  material	  that	  is	  in	  direct	  contact	  with	  the	  skin	  
[163].	   From	   the	   chemical	   analyses	   done	   in	   Chapter	   4	   on	   nets,	   the	   initial	   active	  
ingredient	  concentration	  from	  Interceptor®,	  PermaNet®2.0	  and	  Netprotect®	  nets	  was	  
used	  to	  estimate	  the	  amount	  of	  the	  insecticide	  potentially	   in	  contact	  with	  the	  body	  
area	  exposed	  to	  the	  LN.	  
The	  skin	  contact	   factor	   is	  a	   factor	  that	  can	  be	  used	  to	  account	  for	  the	  fact	  that	  the	  
material	   is	   only	   partially	   in	   contact	   with	   the	   skin	   [163].	   It	   was	   assumed	   that	   the	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defined	  area	  of	  the	  body	  exposed	  to	  the	  net	  was	  entirely	  in	  contact	  with	  the	  net.	  The	  
value	  used	  was	  1.	  
The	  uptake	  fraction	  is	  the	  amount	  of	  the	  compound	  passing	  through	  the	  skin	  to	  the	  
body.	   An	   absorption	   factor	   or	   penetration	   factor	   of	   10%	   was	   used	   for	   both	  
insecticides	  [161,162].	  	  
	  
5.3.2.2.2 Assessment	  of	  inhalation	  exposure	  	  
Three	  set	  ups	  were	  used	  to	  estimate	  the	  concentration	  of	  insecticide	  released	  from	  the	  nets	  
into	   the	  air.	  First,	  a	   small-­‐scale	  equipment	  was	  used	  with	   the	  nets	  cut	   in	  pieces.	  A	  second	  
test	  simulated	  the	  real	  situation	  with	  the	  sampling	  of	   the	  air	  present	  under	  a	   full	  net.	  The	  
third	  one	  was	  a	  theoretical	  set	  up	  based	  on	  the	  generic	  risk	  assessment	  model.	  
	  
5.3.2.2.2.1 Experimental	  set	  up	  1:	  Small	  scale	  exposure	  assessment	  
For	  the	  assessment	  of	  the	  insecticide	  content	  in	  the	  air	  of	  the	  sleeping	  area,	  a	  piece	  of	  1	  m2	  
of	  net	  was	  put	  into	  a	  5	  liters	  glass	  cylinder	  chamber	  (Figure	  5.2)	  and	  an	  AirPass	  sampled	  the	  
air	   into	   the	   cylinder.	   The	   average	   temperature	   and	   relative	   humidity	   inside	   the	   cylinder	  
during	  the	  sampling	  were	  respectively	  20°C	  and	  36%.	  The	  AirPass	  is	  a	  handheld	  air	  sampling	  
device	  including	  a	  build-­‐in	  sampling	  pump	  and	  mass	  flow	  regulator.	  During	  the	  sampling	  that	  
lasted	  4	  days,	  the	  air	  intake	  rate	  was	  100	  cm3/min	  and	  the	  air	  passed	  through	  the	  net	  sample	  
in	  the	  cylinder	  chamber	  to	  the	  sampling	  tube	  for	  pesticides	  (a	  desorption	  tube	  for	  GERSTEL-­‐
TDS2	   filled	  with	   Tenax®	   TA).	   The	   total	   air	   volume	  passing	   through	   the	   sampling	   tube	  was	  
around	   576	   liters	   without	   correction.	   Tenax®	   TA	   has	   been	   specifically	   designed	   for	   the	  
trapping	   of	   volatiles	   and	   semi-­‐volatiles	   from	   air	   or	   purged	   from	   liquid	   or	   solid	   sample	  
matrices.	  The	  sampling	  tube	  was	  analyzed	  by	  the	  GC-­‐MS	  with	  a	  Thermal	  Desorption	  System	  
for	  the	  determination	  of	  the	  insecticide	  absorbed	  into	  the	  sampling	  tubes.	  
Human	  and	  environmental	  exposure	  
101	  
	  
	  
Figure	  5.2	  Experimental	  set	  up	  1	  
	  
5.3.2.2.2.2 Experimental	  set	  up	  2:	  Realistic	  scale	  exposure	  assessment	  
A	  second	  experiment	  was	  used	  to	  assess	  the	  inhalation	  exposure	  in	  realistic	  circumstances.	  A	  
bed	  net	  was	  built	  with	   the	   following	   size	  50	   x	  120	   x	  60	   cm	   (W	  x	   L	   x	  H).	   5	   sampling	   tubes	  
containing	  a	  XAD4	  sorbent	  from	  Amberlite®	  Company	  were	  placed	  as	  presented	  in	  Figure	  5.3	  
and	  Figure	  5.4	  (3	  tubes	  on	  top,	  2	  tubes	  at	  the	  middle	  and	  3	  tubes	  at	  the	  bottom).	  Each	  tube	  
(Figure	  5.5)	  contained	  around	  a	  total	  of	  4	  g	  of	  sorbent	  with	  a	  sampling	  area	  (A)	  and	  a	  break	  
through	   check	   area	   (B).	   The	   average	   of	   air	   intake	   rate	   was	   2	  m3	   /	   hr	   (33.33	   L/min).	   The	  
sampling	  was	  done	  after	  12,	  24	  and	  36	  hours.	  The	  tubes	  were	  collected	  and	  the	  insecticide	  
residues	  absorbed	  by	  the	  sorbent	  were	  analyzed.	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Figure	  5.3	  Experimental	  set	  up	  2	  
	  
	  
Figure	  5.4	  Schema	  of	  the	  experimental	  set	  up	  2	  
	  
Figure	  5.5	  Sampling	  tube	  with	  sampling	  area	  (A)	  and	  breakthrough	  check	  (B)[166]	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5.3.2.2.2.3 Experimental	  set	  up	  3:	  Theoretical	  estimation	  of	  insecticide	  inhalation	  
From	  the	  generic	  risk	  assessment	  model	  for	   insecticide	  treated	  nets	  [77]	  and	  based	  on	  the	  
finding	  of	  Bomann	  [167],	   it	   is	  stated	  that	  the	  worst-­‐case	  air	  concentration	  of	  an	  insecticide	  
under	  a	  mosquito	  net	  (𝐶𝑜𝑛𝑐.𝐴𝑖𝑟)	  can	  be	  estimated	  with	  the	  Equation	  5.6:	  𝐶𝑜𝑛𝑐.𝐴𝑖𝑟 =   0.52×  10!!×  𝐶𝑜𝑛𝑐.𝑎. 𝑖.×  𝑉𝑃	  	  	  (µg/m3)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.6)	      𝐶𝑜𝑛𝑐.𝑎. 𝑖.:	  Concentration	  of	  active	  ingredient	  per	  square	  meter	  of	  the	  net	  (mg/m2)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  𝑉𝑃:	  Vapor	  pressure	  at	  25°C	  (µPa)	  (0.34	  for	  alpha-­‐	  cypermethrin	  and	  0.0124	  for	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  deltamethrin)	  [168]	  
Where	   the	   factor	   0.52	   x	   10-­‐3	   (Pa-­‐1.m-­‐1)	   is	   a	   correlation	   factor	   calculated	   by	   using	  
experimental	  data	  with	  a	  known	  vapor	  pressure	  and	  active	  ingredient	  by	  using	  the	  following	  
hypothesis:	  -­‐ the	  concentration	  of	   insecticide	   in	  air	   is	  proportional	   	   to	   the	  vapor	  pressure	  of	   the	  
compound	  	  -­‐ the	   concentration	   of	   insecticide	   in	   air	   is	   proportional	   	   also	   proportional	   to	   the	  
concentration	  of	  the	  active	  ingredient	  content	  in	  the	  net	  -­‐ the	  assumption	  that	  an	  equilibrium	  is	  set	  in	  a	  close	  system	  between	  the	  net	  and	  the	  
concentration	  of	  the	  insecticide	  in	  the	  breathing	  zone.	  	  
	  
From	   the	   three	   set	   ups,	   the	   potential	   amount	   of	   insecticide	   inhaled	   (𝑃𝐸𝐼)	  was	   calculated	  
based	  on	  the	  formula	  of	  Brouwer	  et	  al.	  [169]	  (Equation	  5.7):	  𝑃𝐸𝐼 =   𝐶𝑜𝑛𝑐.𝐴𝑖𝑟  ×  10!!×  𝐵𝑅  ×  𝑇	  	  	  	  (mg/day)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.7)	  𝐶𝑜𝑛𝑐.𝐴𝑖𝑟:	  Concentration	  of	  active	  ingredient	  in	  breathing	  zone	  	  	  (µg/m3)	  
	  	  	  	  	  	  	  	  	  	  	  𝐵𝑅	  :	  Breathing	  rate	  or	  respiratory	  rate	  (m3/h).	  The	  respiratory	  rate	  of	  an	  adult	  at	  rest	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  is	  estimated	  at	  0.4	  m3	  /h	  [77,152,159]	  
	  	  	  	  	  	  	  	  	  	  	  	  	  𝑇:	  Average	  time	  spent	  under	  the	  net	  each	  day	  (h)	  (9h	  default)	  [77].	  
The	   absorbed	   dose	   of	   inhalation	   exposure	   (𝐸!)	   is	   then	   estimated	   with	   the	   formula	   of	  
Equation	  5.8:	  
𝐸! =    !"#  !" 	  	  	  	  	  (mg/kg	  BW/day)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.8)	  𝐵𝑊:	  Adult	  body	  weight	  (80	  kg)	  [159,160]	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5.3.2.3 ENVIRONMENTAL	  CONTAMINATION	  
For	  this	  study,	  the	  water	  contamination	  as	  well	  as	  the	  air	  contamination	  due	  to	  the	  use	  of	  
LNs	  was	  checked	  in	  order	  to	  assess	  the	  environmental	  contamination.	  
	  
5.3.2.3.1 Assessment	  of	  water	  resource	  contamination	  by	  the	  use	  of	  LNs	  
Because	  washing	  is	  the	  main	  cause	  of	  the	  decrease	  of	  the	  content	  of	  an	  active	  ingredient	  in	  
LNs	   [157],	   the	   active	   ingredient	   content	   in	   the	   washing	   water	   was	   determined.	   Two	  
experimental	  set	  ups	  were	  evaluated.	  The	  first	  used	  soap	  for	  washing,	  while	  the	  second	  did	  
not	  use	  any	  detergent	  for	  washing.	  For	  both	  set	  ups,	  the	  WHO	  washing	  procedure	  [54]	  was	  
applied.	   In	   a	   1	   liter	   glass	   bottle,	   4.0	   g	   ±	   0.1	   g	   of	   CIPAC	   washing	   agent	   (described	   in	   the	  
Chapter	  4,	   Section	  4.3.2)	  was	  dissolved	   in	  500	  mL	  of	  deionised	  water	  at	  30	   °C	  ±	  3	   °C.	  Net	  
samples	  (25	  cm	  x	  25	  cm)	  were	  put	  individually	  into	  the	  bottle	  and	  were	  washed	  by	  shaking	  
for	   10	  minutes	   in	   a	   horizontal	   shaker	   (type	   SM	   30	   B	   Control	   provided	   by	   Edmund	   Bühler	  
GmbH	   company)	   set	   at	   155	   beats	   per	  minute	   (rpm)	   with	   an	   amplitude	   of	   15	  mm.	   Then,	  
samples	  were	   removed	   and	   the	  washing	   solution	   (W)	  was	   kept	   for	   analysis.	   The	   samples	  
were	  rinsed	  twice	  for	  10	  minutes	  in	  clean	  deionised	  water	  at	  30	  °C	  ±	  3	  °C	  in	  the	  same	  shaking	  
conditions	  as	  stated	  above.	  The	  rinsing	  water	  was	  collected	  separately,	  R1	  (Rinsing	  1)	  and	  R2	  
(Rinsing	  2)	  and	  was	  kept	  for	  analysis	  by	  GC-­‐ECD.	  The	  sum	  of	  the	  active	  ingredient	  content	  in	  
the	   3	   collected	   samples	   (W,	   R1,	   R2)	   was	   assumed	   to	   be	   the	   active	   ingredient	   lost	   to	   the	  
washing	  water.	  During	   the	  experiment,	   the	  pH	  of	   the	  different	   solutions	  used	   for	  washing	  
and	   rinsing	   was	   measured	   with	   the	   HI	   9025	   microcomputer	   pH	   meter	   from	   HANNA	  
instruments.	  	  
The	  potential	  exposure	   (𝑃𝐸)	  of	   the	  water	  resource	  after	   the	  washing	  of	   the	  entire	  LN	  was	  
estimated	  with	  the	  Equation	  5.9	  as	  follows:	  𝑃𝐸 =   𝑎. 𝑖. 𝑟𝑒𝑙𝑒𝑎𝑠𝑒  ×  𝐴!"	  	  (mg)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.9)	  𝑎. 𝑖. 𝑟𝑒𝑙𝑒𝑎𝑠𝑒	  :	  Active	  ingredient	  released	  per	  square	  meter	  (mg	  /	  m2)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  𝐴!":	  Total	  surface	  of	  LN	  (m²)	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The	   estimated	   exposure	   (𝐸!)	   of	   the	  water	   resource	   value	  was	   obtained	   by	   considering	   a	  
number	  of	  nets	  washed	  and	  also	   the	  size	   (depth,	  width,	  and	   length)	  of	   the	   representative	  
water	  resource.	  	  The	  Equation	  5.10	  was	  used	  for	  this	  purpose:	  
𝐸! = !"  ×  !!"! 	  	  	  (mg/L)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.10)	  𝑃𝐸:	  Potential	  exposure	  of	  water	  resource	  (mg)	  𝑁!":	  Number	  of	  LNs	  washed	  
	  	  	  	  𝑉:	  Volume	  of	  water	  resource	  (L)	  
According	   to	   De	   Schampheleire	   [170,171]	   the	   default	   values	   of	   a	   watercourse	   depth	   and	  
width	  are	  respectively	  0.3	  m	  and	  2	  m.	  
	  
5.3.2.3.2 Assessment	  of	  air	  contamination	  by	  the	  use	  of	  LNs	  
To	  assess	   the	  environmental	  concentration	  of	  pesticides	  coming	   from	  the	  LNs	   into	   the	  air,	  
the	  same	  data	  obtained	  for	  the	  determination	  of	  inhalation	  exposure	  were	  used.	  	  
	  
5.3.2.4 RISK	  CHARACTERIZATION	  OF	  ESTIMATED	  EXPOSURE	  
For	  the	  human	  exposure	  risk	  characterization,	  the	  Acceptable	  Exposure	  Level	  (AEL)	  from	  the	  
literature	  was	   compared	  with	   the	   experimental	   exposure	   data	   for	   dermal	   and	   inhalation.	  
The	  risk	  characterization	  (𝑅𝐶)	  of	  dermal	  and	  inhalation	  exposure	  was	  given	  by	  the	  Equation	  
5.11.	  
𝑅𝐶 =    !  !"  !!!"#$ 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.11)	  𝐸  𝑜𝑟  𝐸!:	  Dermal	  Exposure	  or	  Inhalation	  Exposure	  
	  	  𝐴𝑂𝐸𝐿:	  Acceptable	  Operator	  Exposure	  Level	  for	  dermal	  or	  inhalation	  exposure	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
If	  𝑅𝐶	  is	  more	  than	  1,	  people	  sleeping	  under	  the	  LN	  might	  possibly	  be	  at	  risk.	  If	  𝑅𝐶	  is	  less	  than	  
1,	  the	  user	  will	  not	  be	  at	  risk,	  or	  the	  health	  risk	  is	  within	  acceptable	  tolerance	  limits.	  
To	   assess	   the	   impact	   of	   insecticides	   released	   from	   the	   nets	   into	   the	   environment,	   the	  
Maximum	   Allowable	   Concentration	   (MAC)	   in	   surface	   water	   and	   the	   Maximum	   Exposure	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Limit	   (MEL)	   in	  air	   from	   literature	  was	  used	   to	  be	  compared	  with	   the	  measured	   insecticide	  
concentration	  in	  water	  and	  in	  air	  in	  this	  study.	  The	  risk	  characterization	  (𝑅𝐶)	  of	  environment	  
was	  estimated	  with	  the	  Equation	  5.12:	  	  
𝑅𝐶 =    !!  !"  !!!"#  !"  !"#	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Equation	  5.12)	  
If	  𝑅𝐶	  is	  more	  than	  1,	  the	  impact	  of	  the	  use	  of	  LNs	  might	  include	  a	  risk	  to	  the	  environment	  or	  
ecosystem.	  If	  𝑅𝐶	  is	  less	  than	  1,	  the	  environment	  or	  ecosystem	  is	  within	  acceptable	  tolerance	  
limits.	  
	  
5.3.2.5 CHEMICAL	  ANALYSIS	  5.3.2.5.1 Samples	  for	  dermal	  exposure	  
The	  active	  ingredient	  content	  from	  LNs,	  gloves,	  and	  cotton	  tissues	  samples	  was	  determined	  
based	   on	   a	   validated	   method	   [138]	   described	   in	   chapter	   3.	   Pesticides	   residues	   were	  
extracted	  by	  reflux	  with	  xylene	  for	  LN	  samples	  and	  by	  sonication	  with	  xylene	  for	  the	  other	  
samples.	   The	   extract	   solution	  was	   transferred	   into	   a	   vial	   for	   injection	   in	   GC-­‐μECD	   Agilent	  
Technologies	   6890	   N	   equipped	   with	   an	   auto	   sampler	   Agilent	   Technologies	   7683	   Series	  
injector.	  
	  
5.3.2.5.2 Samples	  for	  inhalation	  exposure	  
The	   active	   ingredient	   content	   in	   samples	   coming	   from	   the	   experimental	   setup	   1	   was	  
determined	   by	  GC-­‐MS	  with	   thermal	   desorption.	   After	   air	   sampling,	   the	   tube	  was	   inserted	  
into	  a	  GERSTEL	  Thermal	  Desorption	  System	  (TDS	  3)	  mounted	  on	  top	  of	  the	  Cooled	  Injection	  
System	   (CIS)	   in	   front	   of	   the	  GC-­‐MS	   injector.	   The	   CIS	  was	   cooled	  with	   liquid	   nitrogen,	   and	  
served	   as	   a	   cryotrap,	   focusing	   and	   concentrating	   the	   active	   ingredient	   contained	   into	   the	  
tube.	  The	  temperature	  of	  the	  TDS	  and	  the	  transfer	  line	  were	  set	  at	  300	  °C.	  After	  desorption,	  
the	   cryotrapped	   components	   were	   transferred	   to	   the	   capillary	   column	   in	   splitless	   mode	  
without	   analyte	   discrimination	   or	   loss	   of	   analytes.	   The	   carrier	   gas	   was	   helium	   with	   a	  
constant	  column	  head	  pressure	  of	  137	  kPa.	  Mass	  detection	  was	  performed	  in	  the	  Single	  Ion	  
Monitoring	  (SIM)	  mode	  after	  a	  solvent	  delay	  (ionization	  energy	  for	  electron	  impact	  was	  70	  
eV).	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For	  the	  samples	  from	  the	  experimental	  set	  up	  2	  using	  different	  sorption	  tubes,	  the	  sorbent	  
(area	  A)	  of	  each	  sampling	  tube	  was	  collected	  into	  a	  100	  mL	  volumetric	  flask.	  The	  insecticides	  
were	   extracted	  with	   20	  ml	   of	   hexane	   by	   sonication	   during	   30	  min.	   Then	   a	   portion	   of	   the	  
extract	  solution	  was	  transferred	  into	  an	  injection	  vial	  for	  GC-­‐μECD	  analyzis.	  	  
	  
5.3.2.5.3 Samples	  for	  water	  resource	  contamination	  
150	  mL	  of	  the	  collected	  washing	  water	  was	  transferred	  into	  a	  separation	  funnel	  of	  500	  mL.	  
100	  mL	  of	  ethyl	  acetate	  was	  added	  into	  the	  funnel	  as	  extract	  solution.	  Then	  the	  funnel	  was	  
shaken	   vigorously	   by	   hand,	   and	   left	   quiet	   long	   enough	   to	   separate	   the	   aqueous	   and	   the	  
solvent	  phases.	  The	  solvent	  phase	  was	  filtered	  through	  a	  paper	  filter	  with	  approximately	  100	  
mg	  of	  sodium	  sulfate	   into	  a	  500	  mL	  volumetric	  flask.	  This	  extraction	  was	  repeated	  and	  the	  
solvent	  phase	  was	  collected	  into	  the	  same	  volumetric	  flask.	  The	  extract	  was	  evaporated	  until	  
almost	  dry	  in	  a	  Heidolph	  Laborota	  4000	  Rotary	  Evaporator	  at	  40°C	  and	  re-­‐dissolved	  with	  10	  
mL	  of	  xylene.	  A	  portion	  of	  this	  solution	  was	  transferred	  into	  an	  injection	  vial	  and	  analyzed	  by	  
GC-­‐	  μECD.	  
	  
5.4 RESULTS	  AND	  DISCUSSIONS	  
	  
5.4.1 LITERATURE	  SEARCH:	  IDENTITY	  AND	  THE	  MAIN	  PHYSICAL	  AND	  CHEMICAL	  PROPERTIES	  OF	  
PESTICIDES	  RELEVANT	  FOR	  THIS	  STUDY	  
Deltamethrin	  (Figure	  5.6)	  and	  alpha-­‐cypermethrin	  (Figure	  5.7)	  are	  in	  the	  group	  of	  pesticides	  
for	   impregnation	  of	   LNs	   recommended	  by	  WHOPES	   [56].	  Both	  are	  pyrethroid	   insecticides.	  
Pyrethroids	  are	  synthetic	  compounds	  made	  to	  mimic	  the	  pyrethrins	   that	  are	   isolated	  from	  
chrysanthemum	  flowers.	  Deltamethrin	  kills	  insects	  by	  direct	  contact	  or	  by	  uptake.	  It	  disrupts	  
the	  normal	  nervous	  system	  of	  insects,	  but	  is	  less	  toxic	  to	  mammals	  due	  to	  their	  higher	  body	  
temperature,	   larger	   body	   size,	   and	   a	   decreased	   sensitivity	   to	   the	   chemical.	   Alpha-­‐
cypermethrin	  is	  a	  highly	  active	  insecticide;	  its	  action	  mode	  is	  based	  on	  neurotoxicity	  through	  
disruption	  of	  nerve	  fiber	  impulse	  transmission.	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Figure	  5.6	  Structural	  formula	  of	  deltamethrin	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Figure	  5.7	  Structural	  formula	  of	  alpha-­‐cypermethrin	  
	  
5.4.1.1 PHYSICAL	  AND	  CHEMICAL	  PROPERTIES	  AFFECTING	  DERMAL	  EXPOSURE	  ASSESSMENT	  
Some	  physical	  and	  chemical	  properties	  of	  the	  active	  substance	  have	  a	  decisive	  influence	  on	  
the	  penetration	  of	  molecules	  through	  the	  skin	  [172,173].	  The	  most	  important	  properties	  are	  
[173]:	   liposolubility,	   molecular	   weight,	   electronic	   structure	   and	   dissociation	   constant.	  
Liposolubility	  is	  characterized	  by	  the	  octanol/water	  partition	  coefficient	  (log	  Pow).	  The	  higher	  
the	   log	   Pow,	   the	   more	   the	   molecule	   is	   liposoluble.	   Molecular	   weight	   and	   electronical	  
structure	  and	  dissociation	  constant	  (pKa)	  are	   important	  for	  dermal	  uptake.	  Molecules	  with	  
low	   molecular	   weight	   pass	   more	   easily	   into	   the	   skin.	   Highly	   ionized	   products	   do	   not	  
penetrate	  very	  much	  into	  the	  skin.	  
When	  molecular	  mass	  is	  more	  than	  500	  and	  the	  octanol-­‐water	  partition	  coefficient	  (log	  Pow)	  
is	  less	  than	  –1	  or	  higher	  than	  4	  [76],	  a	  default	  value	  for	  absorption	  of	  10%	  [77]	  of	  the	  amount	  
deposited	  on	  the	  skin	  is	  applied	  in	  Equation	  5.5.	   	  Table	  5.2	  shows	  that	  deltamethrin	  meets	  
these	  requirements.	  This	  value	  is	  also	  applicable	  to	  alpha-­‐cypermethrin	  [161].	  
Table 5.2 Physical and chemical parameters affecting the penetration of the active ingredient into the body [168]   
Parameters Insecticides 
Deltamethrin Alpha-cypermethrin 
Molecular mass (g mol-1)  505.2 416.3 
Octanol-water partition coefficient p 3.98 X 1004 3.16 X 1005 
Log (p) 4.6 (25°C, pH 7.6) [162] 5.5 (at 20°C) [161] 
Dissociation constant (pKa) at 25oC Not applicable 5 
	  
5.4.1.2 PHYSICAL	  AND	  CHEMICAL	  PROPERTIES	  EFFECTING	  INHALATION	  EXPOSURE	  
In	  general,	   for	   the	  estimation	  of	   the	   inhalation	  exposure,	  usually	   the	   following	  parameters	  
are	   considered:	   Henry’s	   law	   constant,	   the	   vapor	   pressure,	   and	   the	   half-­‐life	   time	   in	   air	   of	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active	  ingredients	  [174].	  For	  bednets,	  literature	  states	  that	  the	  volatilization	  of	  an	  insecticide	  
from	   bednets	   depends	   on	   its	   vapor	   pressure,	   its	   diffusion	   coefficient	   in	   air,	   its	   diffusion	  
coefficient	   in	   the	   bednet	   material,	   the	   ambient	   temperature,	   and	   other	   factors	   such	   as	  
water	  solubility	  [76,77].	  At	  25°C,	  for	  deltamethrin	  the	  value	  of	  Henry’s	  law	  constant	  and	  the	  
vapor	  pressure	  are	  respectively	  3.1x10-­‐2	  Pa.m3/mol	  and	  1.24x10-­‐8	  Pa	  [162]	  while	  for	  alpha-­‐
cypermethrin	  they	  are	  respectively	  0.069	  Pa.m3/mol	  at	  20°C	  [161]	  and	  3.4	  10-­‐7	  Pa	  at	  25	  °C	  
[161].	  Both	  insecticides	  are	  non	  volatile	  compounds	  as	  their	  vapor	  pressure	  is	  less	  than	  0.01	  
Pa.	  Hence	  the	  volatilization	   is	  not	  expected	  to	  contribute	  significantly	   to	   the	  dissipation	  of	  
deltamethrin	   and	   alpha-­‐cypermethrin	   in	   the	   environment	   or	   to	   cause	   a	   problem	   for	  
inhalation	  exposure	  [151].	  	  
	  
5.4.1.3 TOXICITY	  OF	  DELTAMETHRIN	  AND	  ALPHA-­‐CYPERMETHRIN	  
Like	   for	   other	   chemicals,	   the	   allowed	   insecticide	   in	   public	   health	   used	   in	   ITNs	   have	   the	  
potential	   to	   cause	   a	  wide	   range	  of	   toxic	   effects	   [77].	   To	   identify	   these	   effects,	   a	   range	  of	  
toxicity	  studies	  has	  been	  performed.	  Deltamethrin	  and	  alpha-­‐cypermethrin	  are	  pyrethroids	  
and	  are	  classified	  as	  Class	  II	  compounds.	  It	  is	  reported	  that	  they	  are	  neurotoxics	  [151].	  They	  
can	  cause	  a	  long-­‐lasting	  prolongation	  of	  the	  opening	  of	  the	  sodium	  channel,	  depolarization	  
of	   the	  membrane,	  and	  blocking	  propagation	  of	   the	  action	  potential.	   They	   cause	   repetitive	  
firing	  in	  sensory	  organs,	  but	  not	  in	  nerve	  fibers	  [151].	  	  
According	  to	  the	  European	  Union	  Pesticides	  Database	  and	  also	  the	  Pesticide	  Properties	  Data	  
Base	  (PPDB),	  summarized	  in	  Table	  5.3,	  both	  insecticides	  used	  are	  not	  potentially	  genotoxic	  
or	   carcinogenic	   [161,162,168].	   They	   are	   acceptable	   for	   use	   in	   products	   coming	   in	   contact	  
with	  humans	   such	   as	   the	  bed	  nets	   here	   [76].	  However,	   some	  health	   issues	   are	   still	   under	  
consideration	  because	  of	  a	  lack	  of	  data.	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Table 5.3 Summary of health issues according to the Pesticide Properties Data Base 
Toxic effects Insecticides 
Deltamethrin Alpha-cypermethrin 
Carcinogen Possibly, status not identified No data 
Mutagen No, known not to cause a problem No data 
Endocrine disrupter Yes, known to cause a problem Possibly, status not identified 
Reproduction / development effects Possibly, status not identified No data 
Acetyl cholinesterase inhibitor No, known not to cause a problem No, known not to cause a problem 
Neurotoxicant Yes, known to cause a problem No data  
Respiratory tract irritant No, known not to cause a problem Yes, known to cause a problem 
Skin irritant No, known not to cause a problem Yes, known to cause a problem 
Eye irritant No, known not to cause a problem 
	  
In	   order	   to	   compare	   the	   test	   results	   with	   the	   toxicological	   endpoints,	   the	   relevant	  
toxicological	  data	  were	  identified.	  Table	  5.4	  shows	  the	  values	  used	  for	  risk	  characterization.	  	  
Table 5.4 Toxicological values of deltamethrin and alpha-cypermethrin 
Insecticides Toxicology parameter Value (mg/kg bw/d) Type of study (duration, species) 
Deltamethrin AOEL systemic 0.0075 1 year, dog; 90 days, dog 
AOEL inhalation Not required 
AOEL dermal Not required 
MAC* 0.01  
Parametric value** 0.1  
Alpha-cypermethrin AOEL systemic 0.01 90 days, dog 
AOEL inhalation Not required 
AOEL dermal Not required 
MAC* 0.01  
Parametric value** 0.1  
*:	  the	  default	  value	  of	  MAC	  is	  used	  as	  deltamethrin	  and	  alpha-­‐cypermethrin	  are	  not	  included	  in	  the	  group	  of	  
substances	   identified	   as	   priority	   in	   the	   Directive	   2008/105/EC	   [175].	   This	   directive	   sets	   out	   environmental	  
quality	  standards	  concerning	  the	  presence	  in	  surface	  water	  of	  certain	  pollutants	  and	  substances	  or	  groups	  of	  
substances	  identified	  as	  priority	  on	  account	  of	  the	  substantial	  risk	  they	  pose	  to	  or	  via	  the	  aquatic	  environment.	  
**:	  the	  allowed	  amount	  (µg/L)	  applied	  to	  each	  individual	  insecticide	  for	  the	  quality	  of	  drinking	  water	  according	  
to	   the	   Council	   Directive	   98/83/EC	   [176].	   The	   Directive	   is	   intended	   to	   protect	   human	   health	   by	   laying	   down	  
healthiness	  and	  purity	  requirements	  which	  must	  be	  met	  by	  drinking	  water.	  It	  applies	  to	  all	  water	  intended	  for	  
human	  consumption	  apart	  from	  natural	  mineral	  waters	  and	  waters	  which	  are	  medicinal	  products.	  
AOEL:	  Acceptable	  Operator	  Exposure	  Level.	  
MAC:	  Maximum	  Allowable	  Concentration	  (µg/L)	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5.4.2 HUMAN	  EXPOSURE	  
5.4.2.1 ASSESSMENT	  OF	  DERMAL	  EXPOSURE	  –	  SKIN	  CONTACT	  
The	  literature	  review	  did	  not	  give	  any	  data	  for	  the	  dermal	  Acceptable	  Exposure	  Level	  (AEL)	  
or	  dermal	  No-­‐Observed-­‐adverse-­‐effect	  level	  (NOAEL).	  So,	  penetration	  of	  the	  skin	  was	  taken	  
into	  account	  to	  convert	  the	  amount	  deposited	  on	  the	  skin	   into	   internal	  uptake.	   It	  was	  also	  
assumed	   that	   the	   weight	   of	   an	   adult	   was	   80	   kg	   [159].	   The	   amount	   of	   active	   ingredient	  
absorbed	  daily	  per	  kg	  body	  weight	  was	  then	  calculated.	  	  
	  5.4.2.1.1 1st	  and	  2nd	  set	  up:	  Exposure	  assessment	  
Table	   5.5	   presents	   the	   data	   obtained	   from	   the	   first	   and	   second	   set	   ups.	   Only	   data	   from	  
Interceptor®	   and	   PermaNet®2.0	   nets	   were	   available	   as	   the	   active	   ingredients	   from	   gloves	  
used	   to	   touch	   Netprotect®	   nets	  were	   below	   the	   limit	   of	   detection	   (0.3	  mg	   a.i./m2).	   	   That	  
could	  be	  explained	  by	  the	  difference	  on	  the	  type	  of	  technology	  used	  for	  LNs.	  The	  insecticide	  
from	   the	   Netprotect®	   nets	   is	   incorporated	   into	   the	   fiber	   of	   polyethylene.	   This	   technology	  
does	  not	  easily	  allow	  the	  release	  of	  the	  insecticide	  from	  the	  net	  [129,156,157].	  It	  makes	  less	  
insecticide	  available	  on	  the	  surface	  of	  the	  fiber	  decreasing	  the	  probability	  to	  have	  a	  transfer	  
of	  the	  insecticide	  to	  the	  glove.	  Another	  explanation	  can	  be	  that	  the	  methodology	  used	  not	  
better	  fit	  the	  case	  of	  incorporated	  nets.	  
	  
 
 
 
 
 
 
 
 
 
 
 
Chapter	  5	   	  
112	  
	  
Table 5.5 Exposure assessment and risk characterization 
Net Parameter Estimation based on set up 1 Estimation based on 
set up 2 𝑨𝑯𝒂𝒏𝒅 (m2) 𝑬 (mg/kg bw/day) 𝑬 (mg/kg bw/day) 
Option 1 Option 2 Option 1 Option 2  
Pe
rm
aN
et
® 2
.0 
(D
elt
am
et
hr
in
) 
O1 0.0135 0.0074 0.003 0.006  
O2 0.0135 0.0070 0.004 0.007  
O3 0.0135 0.0068 0.005 0.009  
O4 0.0135 0.0078 0.029 0.050  
O5 0.0135 0.0088 0.003 0.005  
Range 0.0135 0.0068 – 0.0088 0.003 - 0.064 0.004 - 0.111 0.0003 
Average with 95%CI 0.009 [0.0001, 0.017] 0.015 [0.001, 0.030] 
One sample T-test parameters 
Test value (AOEL) 0.0075 0.0075 0.0075 𝑅𝐶 1.2 2 0.04 
t 0.305 1.143 - 
df 14 14 - 
p-value 0.765 0.272 - 
Net Parameters Estimation based on set up 1 Estimation based 
on set up 2 𝑨𝑯𝒂𝒏𝒅 (m2) 𝑬 (mg/kg bw/day) 𝑬 (mg/kg bw/day) 
Option 1 Option 2 Option 1 Option 2  
In
te
rc
ep
to
r®
 (A
lp
ha
-c
yp
er
m
et
hr
in
) 
O1 0.0135 0.0074 0.014 0.025  
O2 0.0135 0.0070 0.012 0.024  
O3 0.0135 0.0068 0.010 0.020  
O4 0.0135 0.0078 0.032 0.056  
O5 0.0135 0.0088 0.008 0.013  
Range 0.0135 0.0068 – 0.0088 0.007 - 0.033 0.011 – 0.057 0.005 
Average with 95%CI 0.015 [0.010, 0.020] 0.027  [0.019, 0.036] 
One sample T-test parameters 
Test value (AOEL) 0.01 0.01 0.01 𝑅𝐶 1.5 2.7 0.5 
t 2.254 4.299 - 
df 14 14 - 
p-value 0.041 0.001 - 
Option 1: The surface of the hand was estimated based on the data of USEPA. 
Option 2: The surface of the hand was estimated based on the real hand surface of the operators. 𝐴𝐻𝑎𝑛𝑑: Hand surface potentially in contact with the net 
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𝑃𝐷𝐸: Potential Dermal exposure per day 𝐸: Exposure or Insecticide amount absorbed per kg body weight per day 𝑅𝐶: Risk characterization 
t: t-test 
df: degree of freedom 
	  
It	  was	  observed	  that	  the	  estimated	  values	  of	  the	  hand	  area	  were	  half	  the	  value	  proposed	  in	  
literature.	  So	   the	  exposure	  values	  estimated	  with	   the	  option	  2	  are	  most	  of	   the	   time	  twice	  
the	  values	  estimated	  with	  the	  option	  1.	  	  	  
Table	  5.5	  also	  presents	   results	   from	   the	   risk	   characterization	  of	   the	  exposure	   (𝑅𝐶).	   It	  was	  
found	  that	  the	  𝑅𝐶	  values	  were	  higher	  than	  1	  for	  set	  up	  1	  for	  both	  nets.	  A	  one	  sample	  T-­‐test	  
was	  performed	  to	  check	  if	  the	  exposure	  estimated	  was	  less	  or	  equal	  to	  the	  AOEL	  (statistically	  
at	  α	  =	  0.05).	  As	  shown	  in	  Table	  5.5	  the	  P-­‐values	  were	  less	  than	  α	  for	  interceptor®	  nets	  while	  
it	  was	  more	   than	  0.05	   for	  PermaNet®2.0.	   Therefore,	   the	  difference	  between	   the	  exposure	  
and	   the	  AOEL	   for	  PermaNet®2.0.	  was	  not	   statistically	   significant.	   So	  people	   sleeping	  under	  
interceptor®	  net	  will	  have	  a	  higher	  exposure	  risk,	  while	  the	  risk	  is	  within	  acceptable	  tolerance	  
limits	  for	  those	  sleeping	  under	  PermaNet®2.0.	  	  
In	  set	  up	  2,	  which	  was	  based	  on	  the	  theoretical	  estimation	  of	  the	  insecticide	  transfer	  for	  nets	  
to	  skin	  according	  to	  a	  generic	  risk	  assessment	  model	  for	  treated	  nets,	  it	  was	  shown	  that	  the	  
exposure	   values	   from	   Interceptor®	   and	   PermaNet®2.0	   nets	   were	   lower	   than	   the	   AOEL	   for	  
both	  insecticides.	  The	  risk	  exposure	  for	  people	  sleeping	  under	  these	  nets	  is	  acceptable.	  
	  5.4.2.1.2 3rd	  set	  up:	  Exposure	  assessment	  
Table	  5.6	   shows	   the	  data	  obtained	  with	   the	  Martindale	  equipment	   in	  order	   to	  be	  used	   in	  
dermal	  exposure	  assessment.	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Table 5.6 dermal exposure data with Martindale equipment 
Rotation 
number 
Duration 
(min) 
𝑬 (mg / kg bw / day) 
Interceptor® / Alpha-
cypermethrin 
PermaNet®2.0  / 
Deltamethrin 
Netprotect® / 
Deltamethrin 
50 1 0.009 0.010 - 
100 2 0.015 0.018 - 
200 4 0.017 0.022 - 
500 10 0.015 0.028 - 
1000 20 0.020 0.028 - 
2000 40 0.032 0.032 0.004 
3000 60 0.051 0.028 0.004 
5000 100 0.064 0.030 0.004 
 
 
It	   was	   noticed	   that	   after	   5000	   rotations,	   the	   amount	   of	   insecticide	   decreased	   from	   the	  
cotton.	  The	  friction	  after	  this	  rotation	  number	  could	  explain	  this	  during	  the	  test.	  When	  the	  
saturation	  level	  was	  reach	  and	  pursuing	  the	  rubbing,	  the	  insecticide	  on	  the	  cotton	  was	  even	  
removed	  or	  degraded.	  
Five	   thousand	   rotations	   were	   considered	   to	   be	   the	   condition	   where	   most	   of	   the	   active	  
ingredient	   is	   transferred	   to	   the	   cotton.	   It	   is	   supposed	   that	   this	   experimental	   setup	   is	  
representative	   for	   the	   potential	   dermal	   exposure	   (𝑃𝐷𝐸).	   The	   average	   amount	   of	   active	  
ingredient	   adsorbed	   here	   is	   0.064	   and	   0.030	   mg/kg	   bw/day	   respectively	   for	   alpha-­‐
cypermethrin	  from	  Interceptor®	  and	  deltamethin	  from	  PermaNet®2.0.	  The	  amount	  of	  alpha-­‐
cypermethrin	   released	   from	   the	  net	   to	   the	   cotton	  was	   twice	   the	  amount	  of	  deltamethrin.	  
This	   was	   also	   observed	   in	   the	   first	   experimental	   set	   up	   using	   the	   gloves.	   The	   exposure	  
observed	  in	  this	  set	  up	  is	  also	  higher	  than	  the	  AOEL	  systemic	  for	  both	  insecticides.	  However,	  
a	   comparison	   of	   each	   number	   of	   rotations	   with	   the	   average	   of	   95%	   confidence	   interval	  
shows	  that	  a	  number	  of	  rotations	  between	  500	  and	  1000	  matches	  better	  the	  gloves	  test	  (set	  
up	  1)	  with	  Interceptor®	  nets	  while	  for	  the	  PermaNet®2.0	  nets	  the	  number	  of	  rotations	  from	  
50	  and	  100	  matches	  the	  best.	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5.4.2.1.3 4th	  set	  up:	  Exposure	  assessment	  
The	  output	  of	  the	  ConsExpo	  4.1	  exposure	  calculation	  gave	  the	  daily	  average	  of	  the	  amount	  
taken	  up	  per	   kg	  bodyweight	   (internal	   dermal	   chronic	  dose)	   (𝐸).	  Data	  were	   computed	  and	  
presented	  in	  Table	  5.7.	  
Table 5.7 Exposure assessment and risk characterization with ConsExpo 4.1 model 
Nets / Insecticides Exposure and Risk characterization 
 Leachable 
fraction 
Body weight (kg) 𝑬 (mg/kg bw/day) Test value 
(AOEL) 
𝑹𝑪 
Interceptor® / Alpha-
cypermethrin 
*Option 1: 
17% 
80 0.015 0.01 1.52 
65 0.019 0.01 1.87 
*Option 2: 
31% 
80 0.028 0.01 2.77 
65 0.034 0.01 3.4 
**Option 3: 
6% 
80 0.005 0.01 0.54 
65 0.006 0.01 0.66 
PermaNet®2.0 / 
Deltamethrin 
*Option 1: 
31% 
80 0.009 0.0075 1.17 
65 0.011 0.0075 1.44 
*Option 2: 
55% 
80 0.016 0.0075 1.68 
65 0.019 0.0075 2.56 
**Option 3: 
1% 
80 0.0003 0.0075 0.04 
65 0.0003 0.0075 0.05 
Netprotect® / 
Deltamethrin 
**Option 3: 
1% 
80 0.0002 0.0075 0.03 
65 0.0003 0.0075 0.04 
*: Option 1 & 2: The calculations were done based on section 5.3.2.2.1 set up 1 experiment. 
**: Option 3: The values come from literature. 
The	  Table	  5.7	  shows	  that	  the	  𝑅𝐶	  estimation	  based	  on	  option	  1	  and	  option	  2	  (values	  coming	  
from	  this	  study)	  were	  higher	  than	  1	  for	  Interceptor	  and	  PermaNet®2.0	  nets.	  This	  can	  be	  due	  
to	  the	  estimation	  of	  the	  leachable	  fraction.	  The	  simulation	  used	  is	  worst	  case.	  Only	  new	  and	  
unwashed	   nets	   were	   touched.	   So	   the	   transfer	   amount	   of	   insecticide	   from	   the	   net	   to	   the	  
gloves	   might	   have	   been	   higher	   compared	   to	   daily	   practice.	   By	   using	   the	   value	   given	   in	  
literature,	  the	  𝑅𝐶	  was	   less	  than	  1	  for	  the	   Interceptor®	  PermaNet®2.0	  and	  Netprotect®	  nets.	  
So	   in	   this	  way,	   the	   risk	  of	  dermal	  exposure	   for	  people	   sleeping	  under	   these	  nets	   is	  within	  
acceptable	  tolerance	  limits.	  
However,	  attention	  should	  be	  paid	  when	  the	   literature	  value	   is	  used.	   It	   is	  quite	  difficult	   to	  
accept	  that	  coated	  and	  incorporated	  nets	  can	  have	  the	  same	  leachable	  fraction.	  Experiments	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for	  the	  assessment	  of	  dermal	  exposure	  (skin	  contact)	  done	  in	  the	  test	  set	  up	  1	  of	  the	  section	  
5.3.2.2.1	  showed	  that	  the	  amount	  of	  insecticide	  transferred	  from	  an	  incorporated	  net	  to	  the	  
gloves	  has	  limitations	  and	  was	  not	  quantifiable.	  	  	  
	  
5.4.2.2 ASSESSMENT	  OF	  INHALATION	  EXPOSURE	  
	  5.4.2.2.1 1st	  and	  2nd	  set	  up:	  Assessment	  of	  insecticides	  in	  air	  
From	   the	   samples	   collected	  during	  4	  days	  by	   the	  AirPass	  device,	   no	   active	   ingredient	  was	  
detected	  with	  the	  analytical	  set	  up.	  The	  device	  used	  was	  able	  to	  detect	  levels	  below	  1	  ng/m³	  
in	  a	  sample	  of	  1	  liter.	  This	  negative	  result	  might	  be	  explained	  by	  the	  fact	  that	  in	  4	  days	  only	  
576	  liters	  of	  possible	  contaminated	  air	  passed	  through	  the	  sorption	  tube.	  This	  volume	  of	  air	  
was	   less	   than	  that	   in	  a	  study	  done	  by	  Bomann	  where	  a	  volume	  of	  at	   least	  2880	   liters	  was	  
taken	  for	  air	  sampling	  [151,167].	  	  	  
The	   test	   was	   repeated	   by	   sampling	   a	   higher	   air	   volume	   under	   a	   full	   net.	   But	   again	   no	  
insecticides	   were	   detected	   from	   the	   samples	   in	   the	   set	   up	   2	   either,	   even	   though	   the	   air	  
volume	  was	   set	  higher.	   This	   can	  be	  explained	  by	   the	   fact	   that	   the	   vapor	  pressure	  of	  both	  
insecticides	  is	  less	  than	  the	  range	  of	  10-­‐6	  -­‐	  100	  Pa	  [177].	  This	  is	  the	  range	  of	  vapor	  pressure	  of	  
the	  semi-­‐volatile	  compounds.	  Because	  of	  their	  low	  vapor	  pressures	  both	  insecticides	  are	  not	  
likely	  to	  vaporize	  and	  access	  the	  air	  compartment	  as	  a	  vapor.	  
These	  tests	  conducted	  confirmed	  that	  deltamethrin	  and	  alpha-­‐cypermethrin	  are	  indeed	  non	  
volatile	  compounds	  and	  are	  not	  easily	  released	  from	  the	  net.	  Based	  on	  this	  outcome,	  it	  was	  
concluded	   that	  people	   sleeping	  under	  LNs	  are	  not	  exposed	   to	   the	  pesticides	   in	  air	   coming	  
from	  vapor	  inhalation.	  	  
	  5.4.2.2.2 3rd	  set	  up:	  Assessment	  of	  insecticides	  in	  air	  
Table	   5.8	   presents	   results	   of	   the	   absorbed	   dose	   of	   inhalation	   exposure,	   based	   on	   the	  
theoretical	  estimation.	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Table 5.8 doses absorbed by sleepers under a LN according to the generic risk assessment model for treated nets 
Nets / Insecticides  Concentration of active ingredient 
per square meter of the net (mg/m2) 
Exposure (mg / kg bw/ day) 
Interceptor® / Alpha-cypermethrin 189 1.50E-06 
PermaNet®2.0 / Deltamethrin 59.9 1.74E-08 
Netprotect® / Deltamethrin 49.4 1.43E-08 
	  
Again	   very	   low	   values	   are	   observed	   (Table	   5.8),	   confirming	   the	   outcome	   of	   the	   first	   and	  
second	   experimental	   set	   up.	   So	   no	   concern	   should	   rise	   for	   pesticides	   vaporized	   from	   the	  
nets	  to	  the	  air.	  
	  
5.4.3 ENVIRONMENTAL	  CONTAMINATION	  	  
5.4.3.1 ASSESSMENT	  OF	  WATER	  RESOURCE	  CONTAMINATION	  BY	  THE	  USE	  OF	  LNS	  
Table	   5.9	   presents	   the	   recorded	   values	   of	   the	   pH	   of	   the	   different	   washing	   and	   rinsing	  
solutions	   during	   the	   experiments.	   This	   is	   important	   because	   active	   ingredients	   can	   be	  
dissociated	  or	  decomposed	  in	  water	  according	  to	  the	  pH	  and	  temperature.	  Table	  5.9	  shows	  
that	   the	   active	   ingredients	  were	   in	   acid	   and	   neutral	   solution	   during	   the	   experiments.	   The	  
recorded	  values	  were	  also	  close	  to	  pH	  values	  found	  in	  different	  African	  and	  Asian	  soaps	  and	  
detergent	  solutions,	  where	  pH	  values	  around	  7.9	  to	  9.5	  are	  measured	  [55,103].	  Based	  on	  the	  
fact	   that	   alpha-­‐cypermethrin	   stays	   stable	   in	   neutral	   and	   acid	   media	   and	   hydrolyzes	   in	  
strongly	  alkaline	  media	  and	  also	  on	  the	  fact	  that	  deltamethrin	  is	  more	  stable	  in	  acid	  than	  in	  
alkaline	  media	   [178,179],	   it	   can	  be	   assumed	   that	  both	   insecticides	  were	   stable	  during	   the	  
experiment	  and	  were	  analyzed	  well	  during	  this	  experiment.	  
Table 5. 9 pH of solutions during the experiments 
Solution pH mean ± SD pH minimum pH maximum 
Deionised water at 30 °C ± 3 °C + CIPAC washing agent 9.5 ± 0.1 9.2 9.8 
Deionised water at 30 °C ± 3 °C 6.7 ± 0.6 5.7 7.8 
	  
It	   was	   observed	   that	   after	   the	  washes,	   LNs	   loose	   their	   active	   ingredient	   [157].	   The	   same	  
authors	   observed	   that	   from	   the	   two	   actions	   (chemical	   action	   due	   to	   the	   soap,	   and	  
mechanical	   action)	   involving	   in	   the	   removed	   of	   active	   ingredient	   from	   LNs	   during	   the	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washing	  proccesses,	  the	  mechanical	  action	  is	  the	  main	  responsible	  factor.	  In	  this	  way	  it	  was	  
assumed	  that	  the	  active	  ingredient	  present	  in	  the	  washing	  solution	  with	  a	  soap	  is	  the	  same	  
as	  in	  the	  washing	  solution	  without	  a	  soap.	  
Table	  5.10	  presents	   the	  deltamethrin	  and	  alpha-­‐cypermethrin	   content	   in	  washing	   solution	  
without	  any	  detergent,	  because	  the	  analytical	  method	  used	  was	  not	  suitable	  for	  measuring	  
the	  active	  ingredient	  in	  a	  solution	  containing	  soap.	  The	  separation	  between	  the	  aqueous	  and	  
the	  solvent	  phase	  was	  not	  possible	  for	  the	  sample	  with	  the	  detergent.	  Table	  5.10	  shows	  the	  
estimated	  amount	  released	  per	  wash	  for	  both	  insecticides	  for	  commonly	  used	  LNs.	  	  
Table 5.10 estimated amount of active ingredient in water 
Net Samples Sub-samples Total ai 
concentration 
(µg/L) per 
wash 
 a.i.  released 
per wash by 
25x25 cm of net 
(µg) 
Estimated amount of 
a.i. released per 
wash according to 
nets size [124] (mg) 
Estimated 
volume of water 
to reach the 
MAC (m3) 
W R1 R2 
Pe
rm
aN
et®
2.0
 
(D
elt
am
eth
rin
) 
S1 355.71 194.27 117.50 667.48 1001.21   
S2 322.11 178.80 133.05 633.96 950.94   
S3 335.47 163.83 112.57 611.86 917.79   
Mean (mg) 0.957   
Net of 13.50 m2 LxHxW 180x180x130cm 206.64 20 664 
Net of 17.84 m2 area LxHxW 200x180x190cm 273.07 27 307 
Ne
tpr
ote
ct®
 
(D
elt
am
eth
rin
) 
S1 5.64 3.38 1.98 11.00 16.50   
S2 4.09 3.78 2.19 10.05 15.08   
S3 4.98 5.68 2.76 13.42 20.13   
Mean (mg) 0.017   
Net of 13.50 m2 LxHxW 180x180x130cm  3.72 372 
Net of 17.84 m2 area LxHxW 200x180x190cm  4.92 492 
Int
er
ce
pto
r®  
 
(A
lph
a-
cy
pe
rm
eth
rin
) 
S1 143.41 113.13 135.06 391.60 587.40   
S2 157.98 140.23 116.72 414.93 622.40   
S3 141.79 113.12 128.98 383.89 575.83   
Mean (mg)  0.595   
Net of 13.50 m2 LxHxW 180x180x130cm  128.57 12 857 
Net of 17.84 m2 area LxHxW 200x180x190cm  169.90 16 900 
	  
Considering	  that	  the	  Maximum	  Allowable	  Concentration	  (MAC)	  of	  each	  pesticide	  is	  0.01	  µg/L	  
[175],	   the	   estimated	   volume	   of	   water	   to	   reach	   the	   MAC	   due	   to	   a	   wash	   of	   one	   LN	   was	  
calculated	  in	  Table	  5.10.	  For	  example	  after	  the	  first	  wash,	  one	  net	  of	  PermaNet®2.0	  is	  able	  to	  
contaminate	  a	  pond	  or	  a	  watercourse	  (0.3	  m	  depth	  [170],	  2	  m	  width	  [171])	  of	  34	  to	  45	  km	  of	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length,	  corresponding	  to	  ca.	  27	  000	  m3	  of	  water.	  With	  the	  same	  size	  of	  depth	  and	  width,	  an	  
Interceptor®	  net	  contaminates	  a	  watercourse	  of	  21	  to	  28	  km	  of	   length	  (around	  16	  000	  m3)	  
while	  it	  will	  be	  600	  to	  800	  meters	  of	  length	  (around	  490	  m3)	  for	  a	  Netprotect®	  net	  after	  the	  
first	  wash.	  
Taking	   into	   account	   that	   the	   contamination	   caused	   by	   washing	   one	   net	   is	   quite	   high,	  
particular	   attention	   should	   be	   paid	   because	   surface	   waters	  may	   be	   connected	   to	   ground	  
water,	  is	  a	  major	  source	  for	  drinking	  water	  in	  many	  countries	  [180].	  Depending	  on	  hydraulic	  
gradients,	  surface	  water	  may	  recharge	  groundwater	  or	  may	  be	  replenished	  by	  groundwater,	  
so	  the	  levels	  of	  the	  pesticides	  in	  surface	  water	  may	  affect	  groundwater	  [180].	  
Nevertheless,	   the	  methodology	  used	  here	   for	   the	  scenario	  description,	  might	  be	   improved	  
as	  some	  limitations	  occurred.	  Once	  released	  from	  the	  nets	  the	  active	   ingredients	  might	  be	  
absorbed	   to	   suspended	   solids	   in	   the	  water	   or	   sludge.	   This	   has	   not	   been	   considered	   here.	  
Also	  the	  used	  analytical	  method	  was	  not	  able	  to	  measure	  the	  pesticides	  released	  in	  the	  soap	  
solution.	   In	   contrast	   to	   previous	   remarks	   the	   amount	   released	   by	   washing	   in	   soap	  might	  
have	  been	  higher	  that	  what	  is	  now	  taken	  into	  consideration.	  
	  
5.4.3.2 ASSESSMENT	  OF	  AIR	  CONTAMINATION	  BY	  THE	  USE	  OF	  LNS	  
According	  to	  the	  inhalation	  exposure	  assessments,	  deltamethrin	  and	  alpha-­‐cypermethrin	  are	  
not	  volatilized	  from	  the	  net,	  so	  the	  contamination	  of	  both	  pesticides	  in	  the	  vapor	  phase	  in	  air	  
is	  considered	  negligible.	  
	  
5.5 CONCLUSION	  
	  
Human	   exposure	   due	   to	   sleeping	   under	   LNs	   can	   be	   narrowed	   to	   dermal	   exposure	   when	  
insecticides	   are	   used	   for	   coating	   or	   incorporation	   from	   the	   group	   of	   pyrethroids.	   The	  
inhalation	  exposure	  was	  negligible	  and	  below	   the	  detection	   limit	  of	   the	  analytical	  method	  
used.	  An	  estimation	  of	  dermal	  exposure	  was	   successfully	  achieved	  by	  using	  cotton	  gloves,	  
but	  also	  with	   less	  variability	  with	  the	  Martindale	  equipment	  used	  for	  the	  determination	  of	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abrasion	  and	  pilling	  resistance	  on	  textile	  structures,	  and	  with	  a	  WHO	  generic	  model,	  and	  the	  
ConsExpo	  4.1	  Model.	  
The	   risk	   of	   human	   exposure	   according	   to	   the	   models	   used	   depends	   on	   the	   type	   of	  
technology	   used	   to	   impregnate	   the	   net.	   It	  was	   found	   that	   the	   amount	   of	   the	   insecticides	  
transferred	  to	  the	  skin	  could	  be	  quantified	  well	  for	  coated	  nets	  while	  this	  was	  not	  the	  case	  
for	  the	  incorporated	  nets.	  Also,	  the	  higher	  the	  baseline	  amount	  of	  deltamethrin	  and	  alpha-­‐
cypermethrin	  is	  on	  the	  coated	  nets,	  the	  higher	  the	  amount	  is	  that	  is	  transferred	  to	  the	  skin.	  	  
The	  approaches	  developed	  here	  for	  exposure	  assessment	  are	  more	  practicable	  and	  closer	  to	  
reality,	   but	   the	   measured	   values	   were	   higher	   compared	   to	   the	   generic	   model	   and	   the	  
ConsExpo	  4.1	  model.	  In	  most	  of	  the	  cases,	  the	  exposure	  risk	  (𝑅𝐶)	  calculated	  was	  more	  than	  
one.	  	  
For	  the	  environmental	  contamination,	  as	  for	  human	  exposure,	  the	  contamination	  of	  air	  due	  
to	  the	  use	  of	  LNs	  is	  unlikely.	  So	  there	  is	  no	  problem	  for	  air	  pollution	  by	  the	  use	  of	  LNs	  and	  
the	  volatilization	  of	  the	  used	  insecticides.	  However,	  the	  amount	  of	   insecticides	  that	  can	  be	  
released	   into	   watercourses	   during	   washing	   of	   the	   nets	   seems	   to	   be	   important	   and	   can	  
significantly	   contribute	   to	   water	   resource	   contamination.	   This	   can	   pose	   a	   risk	   to	   aquatic	  
environments.         
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CHAPTER	  6: GENERAL	  DISCUSSIONS,	  CONCLUSIONS	  AND	  
RECOMMENDATIONS	  
	  
This	   chapter	   summarizes	   and	   discusses	   the	   main	   findings	   from	   previous	   chapters.	   It	  
highlights	   the	   steps	   forward	   on	   current	   knowledge	   and	   gives	   some	   recommendations	   for	  
future	  research.	  
	  
6.1 GENERAL	  DISCUSSIONS	  
	  
6.1.1 EFFECTIVE	  METHODS	  FOR	  MALARIA	  CONTROL	  AND	  LIMITATIONS	  
Malaria	   is	   still	  a	  great	  concern	   for	  more	  than	  half	  of	   the	  world	  population.	   It	   is	  eliminated	  
(“eradicated”)	   in	   some	   parts	   of	   the	  world	   by	  measures	  mainly	   based	   on	   the	   IRS	  methods	  
[28].	  This	  approach	  however	  shows	  its	  limits	  in	  countries	  suffering	  from	  malaria	  [29,30].	  The	  
hope	   for	   success	   on	   the	   fight	   against	   malaria	   was	   strengthened	   by	   a	   call	   for	   malaria	  
eradication	  issued	  during	  a	  meeting	  convened	  by	  the	  Bill	  and	  Melinda	  Gates	  Foundation	  in	  
October	  2007	  in	  Seattle,	  Washington	  [181].	  As	  eradication	  means	  that	  a	  pathogen	  may	  not	  
longer	   exist	   anywhere	   on	   Earth,	   some	   malaria	   experts	   say	   that	   despite	   the	   noble	   goal,	  
malaria	  eradication	  is	  unachievable.	  “We	  do	  not	  have	  the	  tools	  that	  are	  needed	  to	  complete	  
malaria	  eradication	   today,”	   says	  Regina	  Rabinovich,	   the	  Head	  of	   infectious	  diseases	  at	   the	  
Gates	   Foundation	   [181].	   Based	   on	   the	  World	   declaration	   on	   the	  malaria	   control,	   a	   lot	   of	  
effort	  has	  been	  done	  by	  different	   stakeholders	   involved	   in	   the	  malaria	   control	   to	   find	  out	  
new	   and	   efficient	   tools	   for	  malaria	   eradication.	   As	   a	   result,	  many	   tools	   are	   available	   and	  
have	   proven	   their	   efficacy	   for	   malaria	   control	   [41,84].	   In	   general,	   with	   rare	   exceptions,	  
environmental	  management	  and	  biological	   control	  have	   limited	  applicability	  on	   their	  own.	  
Chemical	  control	  such	  as	   IRS	  and	  LNs	   is	  still	  considered	  as	  the	  most	   important	  element	  for	  
the	   integrated	   control	   of	   the	   vector	   borne	  disease	   [35].	   But	   recently	   limitations	   occurred,	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such	  as	  the	  increased	  resistance	  to	  pyrethroids	  and	  the	  difficulty	  to	  develop	  a	  good	  working	  
vaccine	  [7,181].	  	  
The	  development	  of	  resistant	  mosquitoes	  to	  the	  pyrethoids	  is	  explained	  by	  their	  widespread	  
use.	   Indeed	   pyrethroids	   are	   used	   in	   agriculture	   and	   as	   household	   pesticides.	   Additionally,	  
among	  the	  four	  insecticide	  classes	  recommended	  by	  the	  WHO	  for	  public	  health	  programs	  for	  
malaria	  control,	  pyrethroids	  are	  the	  only	  class	  of	   insecticides	  remaining	  to	  be	  used	  for	  this	  
purpose	   [31].	   This	   wide	   scale	   use	   of	   insecticide-­‐based	  malaria	   control	   strategies	   over	   the	  
past	  decade,	  enhanced	   the	  development	  of	   the	   insecticide	   resistance	   in	   several	   important	  
vector	  species	  populations,	  including	  malaria	  vectors	  [37,182].	  
The	   limits	   for	   the	   development	   of	   a	   vaccine	   are	   mainly	   due	   to	   the	   fact	   that	   the	  malaria	  
parasite	  has	  multistage	  development	  (Section	  1.1.2).	  It	  has	  a	  much	  more	  complex	  live	  cycle	  
and	  a	  larger	  genome	  compared	  to	  other	  parasites	  or	  viruses	  causing	  diseases	  (smallpox	  e.g.),	  
that	  have	  been	  eradicated	  yet	  [183].	  	  
Investing	   in	   IRS	  and	  LNs	  means	  also	  an	   increased	  use	  of	  pesticides.	  So	  attention	  has	   to	  be	  
paid	  to	  human	  long-­‐term	  exposure	  and	  the	  impact	  on	  the	  environment	  in	  general,	  and	  the	  
aquatic	  ecosystem	  particularly.	  	  
	  
6.1.2 SUITABLE	  METHODS	  FOR	  THE	  ASSESSMENT	  OF	  LNS	  EFFICACY	  	  
LLINs	   are	   commonly	   used	   because	   of	   their	   proven	   efficacy	   for	   malaria	   prevention	  
[46,121,126].	  As	  they	  contain	  insecticides,	  attention	  is	  paid	  to	  their	  quality	  and	  safety	  before	  
LLINs	  become	  available	  on	  the	  market.	  Assessment	  methods	  are	  needed	  to	  evaluate	  quality	  
and	  safety	  rules	  [85].	  Nowadays	  bioassays	  and	  chemical	  analytical	  methods	  are	  used	  for	  this	  
purpose.	  The	  bioassay	  test	  is	  one	  of	  the	  relevant	  methods	  to	  assess	  the	  efficacy	  of	  LNs,	  but	  it	  
cannot	  be	  used	  as	  a	  quality	  control	  method	  because,	  stringent	  requirements	  were	  needed	  to	  
work	   with	   it	   [51,122].	   It	   requires	   susceptible	   mosquitoes	   to	   the	   insecticide	   used	   for	   the	  
impregnation	  and	  also	  skilled	  operators.	  The	  problem	  is	  that	  one	  type	  of	  LLIN	  is	  developed	  
to	  be	  used	  everywhere	   in	   the	  world,	  but	  as	   the	  malaria	  vectors	  are	  different	   from	  area	  to	  
area,	  and	  may	  not	  all	  have	   the	  same	  susceptibility	   for	  an	   insecticide,	  bioassay	   results	  may	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differ	   a	   lot.	   However	   it	   remains	   one	   of	   the	   tests	   that	   are	   recommended	   by	   the	  WHO	   for	  
manufacturers	  and	  laboratories	  to	  assess	  the	  efficacy	  of	  novel	  LLINs.	  	  
For	   safety	   prevention	   and	   for	   quality	   control,	   chemical	   analytical	   methods	   are	   more	  
appropriate.	   They	   allow	   the	   confirmation	   of	   the	   nature	   of	   the	   chemicals	   used	   for	   the	  
impregnation	   and	   the	   quantification	   of	   the	   amount	   of	   the	   chemical	   present	   in	   the	   net.	  
Nowadays	   the	   Collaborative	   International	   Pesticides	   Analytical	   Council	   provides	   some	  
standard	   methods	   for	   determination	   of	   active	   ingredient	   of	   LLINs	   for	   quality	   control	  
purpose.	   Compared	   to	   bioassay	   requirements,	   chemical	   analytical	   methods	   are	   more	  
accessible	   to	   common	   laboratories	  mandated	   for	  quality	   control.	  But	   the	  main	  problem	   is	  
that	  most	  of	  the	  methods	  available	  throughout	  the	  literature	  or	  provided	  by	  CIPAC,	  concern	  
only	  one	  active	  ingredient	  per	  type	  of	  LNs.	  This	  situation	  results	  for	  laboratories	  to	  invest	  in	  
more	  equipment,	   consumables,	  and	   reagents	   in	  order	   to	  cover	   the	  whole	   range	  of	   the	  LN	  
technologies,	   and	   to	   look	   for	   all	   insecticides	   possibly	   used	   for	   LNs	   impregnation.	   A	   good	  
compromise	   was	   needed	   similar	   to	   pesticides	   analyzed	   on	   food	   where	   multi-­‐residue	  
analytical	  methods	   are	  nowadays	   commonly	   available.	   To	   tackle	   the	  problem,	   a	   review	  of	  
the	   analytical	   methods	   for	   LNs	   control	   with	   relevant	   information	   about	   their	   validation	  
parameters	  was	  required.	  That	  work	  was	  presented	  in	  Chapter	  3,	  where	  a	  successful	  multi-­‐
residue	  method	  is	  proposed	  and	  validated	  for	  the	  determination	  of	  deltamethrin	  and	  alpha-­‐
cypermethrin	  in	  coated	  and	  incorporated	  nets.	  Xylene	  was	  found	  to	  be	  one	  of	  the	  most	  used	  
solvents	  for	  the	  extraction	  of	  insecticides	  used	  for	  impregnation.	  The	  challenge	  was	  first	  to	  
be	   able	   to	   use	   a	   single	   analytical	  method	   to	   extract	   different	   active	   ingredients	   from	   the	  
incorporated	   and	   coated	   nets,	   using	   a	   single	   chromatography	   procedure	   for	   identification	  
and	  quantification.	  The	  proposed	  method	  as	  it	  is	  now	  can	  be	  extended	  to	  other	  insecticides	  
used	  for	  malaria	  control.	  In	  addition	  the	  proposed	  method	  can	  be	  used	  as	  well	  as	  for	  quality	  
control	   purpose	   as	   for	   research,	   because	   it	   is	   able	   to	   analyze	   low	   amounts	   of	   the	   active	  
ingredient.	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6.1.3 EFFECT	  OF	  WASHING	  PROCEDURES	  AND	  UV	  LIGHT	  ON	  RELEASE	  OF	  ACTIVE	  INGREDIENT	  BY	  
LNS	  
Many	  studies	  provide	   information	  on	  the	  efficacy	  and	  the	  washing	  resistance	  of	  LNs	  based	  
on	  the	  WHO	  standards	  [73,129].	  The	  washing	  resistance	  (meaning	  that	  pesticides	  coated	  or	  
incorporated	  in	  the	  nets	  are	  not	  lost	  during	  the	  washing	  process)	  was	  assessed	  after	  washing	  
samples	   following	   the	   WHO	   washing	   procedure	   as	   described	   in	   Chapter	   4.	   This	   WHO	  
procedure	  simulates	  a	  hand	  washing.	   It	  was	  admitted	  that	  hand	  washing	  is	  most	  used	  as	  a	  
common	  washing	  procedure	  in	  countries	  where	  malaria	  is	  on	  going.	  In	  the	  4th	  Chapter	  a	  new	  
detergent	   was	   proposed	   as	   a	   candidate	   for	   standardization	   [132,133].	   The	   previous	  
detergent	   used	   was	   ‘Savon	   de	   Marseille’.	   It	   is	   not	   standardized	   and	   differences	   exist	  
between	  them	  even	  they	  are	  called	  the	  same.	  To	  be	  close	  to	  the	  characteristic	  of	  “Savon	  de	  
Marseille”	   this	   new	   soap	  was	   developed	   by	   the	   CIPAC.	   The	   same	  washing	   procedure	  was	  
used	  with	  the	  new	  soap	  to	  be	  able	  to	  compare	  new	  data	  with	  results	  from	  previous	  studies	  
using	  ‘Savon	  de	  Marseille’.	  	  	  
In	  addition	  the	  ISO	  6330:2000	  domestic	  washing	  was	  used	  to	  reply	  to	  the	  question	  whether	  
LNs	  are	  still	  efficient	  when	  washed	  by	  machine	   laundry.	  Because	  of	   the	  widespread	  use	  of	  
LNs	  in	  some	  houses	  and	  also	  in	  hotels,	  they	  are	  also	  washed	  by	  common	  laundry	  machines.	  
To	   assess	   the	   efficacy	   of	   LNs,	   data	   obtained	   with	   both	   procedures	   were	   compared	   with	  
previous	   studies	   from	   literature	   using	   bioassays.	   Samples	   washed	   with	   the	   two	   methods	  
were	  found	  to	  be	  still	  biologically	  efficient.	  	  
The	   use	   the	   approach	   of	   A.	   Hill	   approach	   of	   a	   mathematical	   model	   to	   characterize	   the	  
washing	  resistance	  and	  efficacy	  of	  LNs	  will	  significantly	  reduce	  time	  in	  future	  and	  will	  result	  
in	  lower	  costs	  for	  testing	  LNs	  washing	  resistance	  [122].	  	  But	  modelling	  the	  active	  ingredient	  
retention,	   in	   function	  of	   the	  washing,	   requires	  detailed	  knowledge	  on	   the	  diffusion	  of	   the	  
active	  ingredient	  out	  of	  the	  LN	  with,	  and	  without	  the	  effect	  of	  the	  washing	  agent.	  However	  
the	  mathematical	  model	  suggested	  by	  A.	  Hill	  did	  not	  apply	  well	  for	  our	  results.	  Curves	  fitted	  
with	   data	   from	   the	   three	   LNs	   used	   not	   resulted	   as	   expected.	   Some	  other	  models	  may	   be	  
considered	  in	  future.	  	  
It	   was	   stated	   in	   literature	   that	   UV	   destroys	   pyrethroids	   [130,134].	   This	   fact	   leads	   to	   the	  
recommendation	   to	  dry	   LNs	  without	  direct	  exposure	   to	   sunlight.	  Even	   if	   some	  households	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follow	   this	   request,	   it	   is	   well	   know	   that	  mainly	   in	   tropical	   countries	   it	   is	   quite	   difficult	   to	  
ignore	  the	  UV	  from	  sunlight.	  This	  was	  tested	  in	  Chapter	  4,	  where	  the	  impact	  of	  UV	  did	  not	  
significantly	  affect	  the	  residue	  in	  the	  net	  during	  the	  drying	  process.	  However	  the	  heat	  from	  
the	   sunlight	   was	   neglected	   in	   this	   study	   and	   was	   not	   considered	   as	   one	   of	   the	   factors	  
responsible	   for	   the	   removal	   of	   the	   insecticides	   from	   LNs.	   Out	   of	   our	   results	   we	   think	   in	  
future	  that	  more	  attention	  to	  heat	  of	  sunlight	  should	  be	  considered.	  	  
	  
6.1.4 POTENTIAL	  EXPOSURE	  TO	  LNS	  USE	  
The	  toxicity	  of	  LNs	  mainly	  depends	  on	  the	  nature	  of	  the	  insecticides	  used.	  The	  first	  interest	  
on	  LNs	  was	   to	   find	  a	   reliable	   tool	   for	  malaria	  prevention.	  Many	  studies	   focus	  on	   this	  goal,	  
and	   less	   interest	   and	   effort	   seemed	   to	   be	   invested	   in	   the	   potential	   risk	   of	   human	   and	  
environmental	   exposure	   to	   impregnated	   mosquito	   nets.	   So	   the	   assessment	   of	   human	  
exposure	   as	   well	   as	   the	   environmental	   exposure	   seemed	   challenging,	   and	   seemed	   to	   be	  
urgently	  answered	  because	  of	  the	  widespread	  used	  of	  these	  LNs,	  and	  the	  second	  hand	  use	  
of	  old	  or	  unused	  LNs	  [79].	  	  
In	  Chapter	  5,	  a	  test	  approach	  to	  evaluate	  human	  exposure	  based	  on	  touching	  the	  net,	  and	  
also	  an	  approach	  based	  on	  the	  use	  of	  a	  new	  device	  was	  conducted	  for	  the	  characterization	  
of	  the	  exposure.	  Validating	  the	  measured	  data	  with	  some	  existing	  models	  resulted	  in	  some	  
doubts	   about	   a	   potential	   risk	   of	   exposure	   for	   people	   sleeping	   under	   LNs.	   Considering	   the	  
inhalation	   exposure,	   the	   approaches	   used	   found	   that	   vapor	   inhalation	   exposure	   was	  
negligible,	  confirming	  the	  fact	  that	  the	  class	  of	  the	  insecticides	  used	  to	  incorporate	  or	  to	  coat	  
LNs	   is	  not	  volatile	  by	  nature	  and	  will	  not	  significantly	  volatilize	  from	  the	  LNs.	  Deltamethrin	  
and	   alpha-­‐cypermethrin	   are	   indeed	   non	   semi-­‐volatile	   compounds	   [177]	   Differences	   are	  
observed	   between	   the	   generic	  model	   used	   today	   by	   the	  WHO,	   the	   adapted	   ConsExpo4.1	  
model	  and	  the	  experimental	  data	  provided	  in	  Chapter	  5.	  Experiments	  show	  lower	  exposure	  
than	  what	   is	  expected	  by	  the	  models.	  This	   is	  mainly	  caused	  by	  the	  use	  of	  theoretical	   input	  
data	  in	  the	  modeling.	  	  
Concerning	  the	  potential	  risk	  for	  the	  environment,	  Chapter	  4	  confirmed	  similar	  results	  as	  to	  
other	  studies	  that	  the	  washing	  removes	  the	  insecticides	  from	  LNs	  [157].	  Estimations	  of	  the	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release	   of	   pesticides	   from	   LNs	   into	   the	   washing	   solution	   proved	   that	   this	   amount	   was	  
sufficient	  to	  contaminate	  surface	  water	  and	  may	  impact	  the	  ecosystem.	  	  
	  
6.2 GENERAL	  CONCLUSIONS	  
The	   investigation	   of	   the	   effects	   of	   washing	   and	   dying	   processes	   of	   incorporated	   or	  
impregnated	  LNs	  and	  human	  and	  environmental	  exposure	  to	  insecticides	  from	  the	  same	  LNs	  
was	  subjected	  of	  the	  following	  objectives:	  
1. to	   review	   literature	   and	   to	   situate	   Long-­‐Lasting	   Insecticidal	   Mosquito	   Nets	   (LNs)	  
along	  the	  effective	  methods	  for	  malaria	  vector	  control;	  
2. to	   validate	   a	   suitable	   analytical	   method	   to	   analyze	   insecticides	   commonly	   used	   in	  
LNs;	  
3. to	  evaluate	  the	  effect	  of	  washing	  on	  the	  release	  of	  the	   insecticide	  active	   ingredient	  
content	  for	  different	  brands	  of	  LNs;	  	  
4. to	  evaluate	  the	  effect	  of	  UV	  light	  on	  the	  breakdown	  of	  the	  active	  ingredient	  content	  
of	  LNs;	  	  
5. to	  compare	  the	  laboratory	  hand	  washing	  simulation	  to	  a	  domestic	  washing	  method	  
with	  a	  proposed	  detergent;	  
6. to	   develop	   an	   approach	   to	   assess	   the	   dermal	   and	   inhalation	   exposure	   for	   people	  
sleeping	  under	  LNs;	  
7. to	  assess	  environmental	  contamination	  due	  to	  the	  use	  of	  LNs.	  
From	  the	  results,	  the	  following	  was	  discussed	  and	  concluded.	  
The	  review	  of	  the	  origin	  and	  the	  transmission	  cycle	  of	  malaria	  showed	  that	  a	  high	  population	  
density	  of	  the	  malaria	  vector	  in	  a	  certain	  area	  leads	  to	  high	  rates	  of	  malaria	  incidences	  in	  this	  
area.	  If	  one	  interfere	  in	  the	  vector	  growth,	  and	  spreading,	  or	  in	  the	  transmission	  from	  human	  
to	  mosquitoes,	  and	  vice	  versa,	  one	  might	  effectively	  combat	  malaria	  and	  the	  parasite	  might	  
eventually	  disappear	  from	  that	  area,	  as	  happened	  in	  North	  America,	  Europe	  and	  parts	  of	  the	  
Middle	  East.	  	  
LNs	  as	  the	  best	  tools	  for	  malaria	  prevention	  require	  a	  high	  quality,	  and	  its	  efficacy	  must	  be	  
monitored.	  Chemical	  analytical	  methods	  are	  more	  accessible	   for	  common	   laboratories	  and	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can	   easily	   be	   used	   as	   quality	   control	   methods	   for	   the	   assessment	   of	   the	   quality	   and	   the	  
efficacy	  of	  LNs.	  Most	  of	  the	  chemical	  analytical	  methods	  are	  reviewed	  in	  this	  study.	  One	  of	  
the	  existing	  methods	  was	  improved	  during	  this	  study,	  and	  was	  validated	  for	  use	  in	  research	  
and	   quality	   control.	   Also	   the	   extraction	   of	   the	   active	   ingredient	   out	   of	   coated	   and	  
incorporated	  nets	  has	  been	  optimized.	  This	  has	  been	  proven	  for	  insecticides	  as	  deltamethrin	  
and	   alpha-­‐cypermethrin.	   Unpublished	   work	   showed	   that	   it	   could	   be	   extended	   to	   other	  
pyrethroids	  such	  as	  permethrin	  and	  even	  to	  DEET	  in	  tissue	  samples.	  That	  meets	  one	  of	  the	  
urgent	  needs	  of	   the	  CIPAC,	  which	   is	   to	  work	  on	  multi	  pesticide	   residues	  determination	  on	  
LNs.	  
Washing	   is	  the	  main	  cause	  of	   insecticide	  removal	  from	  LNs.	  Out	  of	  the	  comparisons	  of	  the	  
residues	  in	  the	  nets	  still	  effective	  in	  bioassays,	   it	   is	  concluded	  that	  washing	  does	  not	  affect	  
the	   efficacy	   of	   the	   LNs,	   even	  with	   the	   observation	   that	   coated	   nets	   are	  more	   affected	   by	  
washing	  compared	  to	  incorporated	  nets.	  Also	  the	  drying	  process	  plays	  an	  important	  role	  in	  
the	   efficacy	   of	   LNs,	   but	  more	   as	   a	   factor	   for	   the	   regeneration	   of	   the	   insecticide	   from	   the	  
inside	  to	  the	  outside	  of	  the	  net	  than	  as	  a	  factor	  destructing	  the	  active	  ingredient	  by	  the	  UV	  
radiation.	   In	  addition,	  LNs	  are	  proven	  to	  be	  well	  protected	  against	  UV	  by	  the	  way	  they	  are	  
made	  by	  the	  manufacturers.	  	  
Knowing	   that	   insecticides	  used	   for	  malaria	  prevention	  are	  by	  nature	  harmful,	   IRS	   is	   less	   in	  
favor	   compared	   to	   using	   LNs.	   This	   reduces	   the	   amount	   of	   insecticide	   released	   into	   the	  
environment.	  This	  work	  finally	  showed	  that	  models	  provided	  to	  assess	  the	  human	  exposure	  
to	  LNs	  still	  need	  improvement.	  In	  general	  they	  show	  that	  people	  sleeping	  under	  LNs	  are	  not	  
highly	  exposed,	  but	  as	  data	  used	  are	  more	  theoretical,	  attention	  should	  be	  paid	  and	  more	  
practical	  research	  is	  needed	  to	  fine-­‐tune	  the	  models.	  	  
	  
6.3 RECOMMENDATIONS	  FOR	  FURTHER	  RESEARCH	  
	  
Reducing	  malaria	  incidences	  involves	  many	  aspects,	  but	  one	  easy	  and	  accessible	  thing	  is	  the	  
role	  that	  may	  be	  played	  by	  local	  and	  national	  communities	  by	  the	  implementation	  of	  good	  
sanitation.	   Unless	   the	   parasite	   is	   eradicated	   from	   the	   whole	   world,	   malaria	   can	   be	   re-­‐
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established	   if	   the	   conditions	   revert	   to	   a	   combination	   that	   favours	   the	   parasite's	  
reproduction.	  With	  this	  consideration,	   focusing	  on	  the	  development	  of	  a	  vaccine	  seems	  to	  
be	  the	  best	  and	  most	  efficient	  tool	  for	  long-­‐term	  malaria	  prevention.	  	  	  
By	  now,	  LNs	  are	  indeed	  efficient	  for	  malaria	  control.	  They	  may	  be	  a	  better	  tool	  for	  malaria	  
control,	   if	   support	  can	  be	  given	   to	  a	   free	  distribution.	   	  Still	   containing	   insecticides,	   the	  old	  
and	  unused	  LNs	  might	  be	  collected	  and	   recycled	   for	  other	  uses	   like	  bio-­‐composite	  plastic-­‐
wood	   lumber	   to	  be	  used	   for	  decking.	  No	  effort	  on	   this	   is	  done	  by	  now,	   resulting	   in	  waste	  
obviously	  impacting	  the	  environment.	  
This	  work	  was	  based	  on	  analytical	  work.	  The	  bio-­‐efficacy	  of	  the	  residue	  was	  derived	  from	  the	  
literature	   data.	   Evaluating	  washing	   effects	   by	   bioassay	   and	   analytical	   tests	   simultaneously	  
should	  result	  in	  a	  more	  solid	  conclusion.	  
Temperature	  effect	  was	  quite	  ignored	  in	  this	  work.	  Its	  effect	  on	  the	  efficacy	  of	  LNs	  should	  be	  
assessed	  in	  future	  work.	  
This	   work	   was	   done	   with	   two	   pesticides	   for	   a	   coated	   net	   and	   one	   pesticide	   for	   an	  
incorporated	  net.	  The	  range	  of	  pesticide	  and	  also	  textile	  should	  be	  extended	  in	  the	  testing	  in	  
order	   to	  check	  the	  effect	  of	  other	  pesticides,	   the	  effect	  of	  other	   textiles,	  and	  the	  effect	  of	  
other	  coating	  or	  impregnation	  technologies.	  	  
Furthermore,	   the	  problem	  of	   assessing	  human	  exposure	   to	   LNs	  by	   the	  use	  of	   the	   existing	  
models	   needs	   to	   be	   refined.	   Real	  measurements	   done	   in	   this	   study	   are	   not	   in	   agreement	  
with	  the	  models,	  which	  are	  based	  on	  a	  theoretical	  approach.	  Also	  another	  approach	  can	  be	  
used	   for	   the	   assessment	   of	   inhalation	   exposure	   with	   particular	   attention	   on	   particle	  
inhalation	  exposure.	  	  
Based	   on	   the	   laboratory	   work	   done	   here,	   it	   is	   expected	   that	   surface	   water	   might	   be	  
contaminated	  due	  to	  washing	  of	  LNs.	   It	  would	  be	  of	   interest	  to	  evaluate	  this	  hypothesis	   in	  
practice	  by	  monitoring	  real	  water	  samples	  in	  the	  field.	  	  
Also	  developing	   an	   analytical	  method	   for	   pyrethroids	  determination	   in	  water	   containing	   a	  
detergent	  would	  be	  nice	   to	  know	  the	   real	  amount	  of	  active	   ingredient	   lost	   in	   the	  washing	  
water.	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In	  case	  LNs	  are	  used	  or	  misused	  for	  other	  purposes	  like	  for	  fishing.	  It	  would	  be	  good	  to	  have	  
a	   better	   insight	   if	   such	   practices	   are	   common	   in	   certain	   areas	   and	   to	   what	   extend	   if	  
consumers	  are	  exposed.	  	  
Finally,	  the	  improvement	  of	  the	  mathematic	  model	  for	  the	  characterization	  of	  the	  release	  of	  
active	  ingredient	  from	  LNs	  as	  a	  function	  of	  the	  number	  of	  washing	  still	  can	  be	  improved	  also	  
for	  several	  kinds	  of	  LNs.	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APPENDIX	  A:	  CONSEXPO	  4.1	  REPORTS	  FOR	  INTERCEPTOR®	  NET	  
File name: bw 80 Kg, Option 1 
Report date: 18/12/2013 
 
Product 
 
Interceptor® 
 
 
Compound 
 
Compound name :   Alpha-cypermethrin 
CAS number    :   67375-30-8 
molecular weight               416        g/mol                
vapour pressure                3,4E-7     Pascal               
KOW                            5,5        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    80         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             17         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,00321  mg/cm2 
dermal external dose :  0,152  mg/kg 
dermal acute (internal) dose :      0,0152  mg/kg 
dermal chronic (internal) dose :      0,0152  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,152  mg/kg 
total acute dose  (internal):   0,0152  mg/kg 
total chronic dose  (internal):   0,0152  mg/kg/day 
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File name: bw 65 kg, Option 1 
Report date: 18/12/2013 
 
 
Product 
 
Interceptor® 
 
Compound 
 
Compound name :   Alpha-cypermethrin 
CAS number    :   67375-30-8 
molecular weight               416        g/mol                
vapour pressure                3,4E-7     Pascal               
KOW                            5,5        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    65         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             17         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,00321  mg/cm2 
dermal external dose :  0,187  mg/kg 
dermal acute (internal) dose :      0,0187  mg/kg 
dermal chronic (internal) dose :      0,0187  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,187  mg/kg 
total acute dose  (internal):   0,0187  mg/kg 
total chronic dose  (internal):   0,0187  mg/kg/day 
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File name: bw 80 kg, Option 2 
Report date: 18/12/2013 
 
 
Product 
 
Interceptor® 
 
Compound 
 
Compound name :   Alpha-cypermethrin 
CAS number    :   67375-30-8 
molecular weight               416        g/mol                
vapour pressure                3,4E-7     Pascal               
KOW                            5,5        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    80         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             31         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,00586  mg/cm2 
dermal external dose :  0,277  mg/kg 
dermal acute (internal) dose :      0,0277  mg/kg 
dermal chronic (internal) dose :      0,0277  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,277  mg/kg 
total acute dose  (internal):   0,0277  mg/kg 
total chronic dose  (internal):   0,0277  mg/kg/day 
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File name: bw 65 kg, Option 2 
Report date: 18/12/2013 
 
 
Product 
 
Interceptor® 
 
 
Compound 
 
Compound name :   Alpha-cypermethrin 
CAS number    :   67375-30-8 
molecular weight               416        g/mol                
vapour pressure                3,4E-7     Pascal               
KOW                            5,5        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    65         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             31         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,00586  mg/cm2 
dermal external dose :  0,341  mg/kg 
dermal acute (internal) dose :      0,0341  mg/kg 
dermal chronic (internal) dose :      0,034  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,341  mg/kg 
total acute dose  (internal):   0,0341  mg/kg 
total chronic dose  (internal):   0,034  mg/kg/day 
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File	  name:	  bw	  80	  kg,	  Option	  3	  
Report	  date:	  18/12/2013	  
	  
	  
Product	  
	  
Interceptor® 
	  
Compound	  
	  
Compound	  name	  :	  	   	  Alpha-­‐cypermethrin	  
CAS	  number	  	  	  	  :	  	   	  67375-­‐30-­‐8	  
molecular	  weight	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   416	  	  	  	  	  	  	  	   g/mol	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
vapour	  pressure	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   3,4E-­‐7	  	  	  	  	   Pascal	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
KOW	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   5,5	  	  	  	  	  	  	  	   10Log	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
General	  Exposure	  Data	  
	  
exposure	  frequency	  	  	  	  	  	  	  	  	  	  	  	  	   365	  	  	  	  	  	  	  	   1/year	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
body	  weight	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   80	  	  	  	  	  	  	  	  	   kilogram	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
Dermal	  model:	  Direct	  dermal	  contact	  with	  product	  :	  migration	  
	  
exposed	  area	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   0,378	  	  	  	  	  	   m2	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
leachable	  fraction	  	  	  	  	  	  	  	  	  	  	  	  	   6	  	  	  	  	  	  	  	  	  	   %	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
skin	  contact	  factor	  	  	  	  	  	  	  	  	  	  	  	   1	  	  	  	  	  	  	  	  	  	   fraction	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
Uptake	  model:	  fraction	  
	  
uptake	  fraction	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   10	  	  	  	  	  	  	  	  	   %	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
Output	  
	  
	  
Dermal	  :	  point	  estimates	  
	  
dermal	  load	  :	  	  	  	  	  	  	  	  	  	  	  	   0,00113	   	  mg/cm2	  
dermal	  external	  dose	  :	  	   0,0536	   	  mg/kg	  
dermal	  acute	  (internal)	  dose	  :	  	  	  	  	  	   0,00536	   	  mg/kg	  
dermal	  chronic	  (internal)	  dose	  :	  	  	  	  	  	   0,00535	   	  mg/kg/day	  
	  
Integrated	  (point	  estimates)	  
	  
total	  external	  dose:	  	  	   0,0536	   	  mg/kg	  
total	  acute	  dose	  	  (internal):	  	  	   0,00536	   	  mg/kg	  
total	  chronic	  dose	  	  (internal):	  	  	   0,00535	   	  mg/kg/day	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File name: bw 65 kg, Option 3 
Report date: 18/12/2013 
 
 
Product 
 
Interceptor® 
 
Compound 
 
Compound name :   Alpha-cypermethrin 
CAS number    :   67375-30-8 
molecular weight               416        g/mol                
vapour pressure                3,4E-7     Pascal               
KOW                            5,5        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    65         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             6          %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,00113  mg/cm2 
dermal external dose :  0,0659  mg/kg 
dermal acute (internal) dose :      0,00659  mg/kg 
dermal chronic (internal) dose :      0,00659  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,0659  mg/kg 
total acute dose  (internal):   0,00659  mg/kg 
total chronic dose  (internal):   0,00659  mg/kg/day 
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APPENDIX	  B:	  CONSEXPO	  4.1	  REPORTS	  FOR	  PERMANET®2.0	  NET	  
File name: bw 80 kg, Option 1 
Report date: 18/12/2013 
 
Product 
 
PermaNet®2.0 
 
Compound 
 
Compound name :   Deltamethrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    80         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             31         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,00186  mg/cm2 
dermal external dose :  0,0879  mg/kg 
dermal acute (internal) dose :      0,00879  mg/kg 
dermal chronic (internal) dose :      0,00878  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,0879  mg/kg 
total acute dose  (internal):   0,00879  mg/kg 
total chronic dose  (internal):   0,00878  mg/kg/day 
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File name: bw 65 kg, Option 1 
Report date: 18/12/2013 
 
 
Product 
 
PermaNet®2.0 
 
Compound 
 
Compound name :   Deltamethrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    65         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             31         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,00186  mg/cm2 
dermal external dose :  0,108  mg/kg 
dermal acute (internal) dose :      0,0108  mg/kg 
dermal chronic (internal) dose :      0,0108  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,108  mg/kg 
total acute dose  (internal):   0,0108  mg/kg 
total chronic dose  (internal):   0,0108  mg/kg/day 
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File name: bw 80 kg, Option 2 
Report date: 18/12/2013 
 
 
Product 
 
PermaNet®2.0 
 
Compound 
 
Compound name :   Deltamethrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    80         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             55         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,0033  mg/cm2 
dermal external dose :  0,156  mg/kg 
dermal acute (internal) dose :      0,0156  mg/kg 
dermal chronic (internal) dose :      0,0156  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,156  mg/kg 
total acute dose  (internal):   0,0156  mg/kg 
total chronic dose  (internal):   0,0156  mg/kg/day 
 
	  
Appendix	  B	  
___________________________________________________________________________	  
160	  
	  
	  
File name: bw 65 kg, Option 2 
Report date: 18/12/2013 
 
 
Product 
 
PermaNet®2.0 
 
Compound 
 
Compound name :   Deltamethrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    65         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             55         %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            0,0033  mg/cm2 
dermal external dose :  0,192  mg/kg 
dermal acute (internal) dose :      0,0192  mg/kg 
dermal chronic (internal) dose :      0,0192  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,192  mg/kg 
total acute dose  (internal):   0,0192  mg/kg 
total chronic dose  (internal):   0,0192  mg/kg/day 
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File name: bw 80 kg, Option 3 
Report date: 18/12/2013 
 
 
Product 
 
PermaNet®2.0 
 
Compound 
 
Compound name :   Deltametrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    80         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             1          %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            6E-5  mg/cm2 
dermal external dose :  0,00283  mg/kg 
dermal acute (internal) dose :      0,000283  mg/kg 
dermal chronic (internal) dose :      0,000283  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,00283  mg/kg 
total acute dose  (internal):   0,000283  mg/kg 
total chronic dose  (internal):   0,000283  mg/kg/day 
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File name: bw 65 kg, Option 3 
Report date: 18/12/2013 
 
 
Product 
 
PermaNet®2.0 
 
Compound 
 
Compound name :   Deltametrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    65         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             1          %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            6E-5  mg/cm2 
dermal external dose :  0,00349  mg/kg 
dermal acute (internal) dose :      0,000349  mg/kg 
dermal chronic (internal) dose :      0,000349  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,00349  mg/kg 
total acute dose  (internal):   0,000349  mg/kg 
total chronic dose  (internal):   0,000349  mg/kg/day 
 
	  
	  
	  
	  
163	  
	  
APPENDIX	  C:	  CONSEXPO	  4.1	  REPORTS	  FOR	  NETPROTECT®	  NET	  	  
File name: bw 80 kg, Option 3 
Report date: 18/12/2013 
 
Product 
 
Netprotect® 
 
 
Compound 
 
Compound name :   Deltametrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    80         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             1          %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            4,9E-5  mg/cm2 
dermal external dose :  0,00232  mg/kg 
dermal acute (internal) dose :      0,000232  mg/kg 
dermal chronic (internal) dose :      0,000231  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,00232  mg/kg 
total acute dose  (internal):   0,000232  mg/kg 
total chronic dose  (internal):   0,000231  mg/kg/day 
Appendix	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File name: bw 65 kg, Option 3 
Report date: 18/12/2013 
 
 
Product 
 
Netprotect® 
 
Compound 
 
Compound name :   Deltametrin 
CAS number    :   52918-63-5 
molecular weight               505        g/mol                
vapour pressure                1,24E-8    Pascal               
KOW                            4,6        10Log                
General Exposure Data 
 
exposure frequency             365        1/year               
body weight                    65         kilogram             
 
Dermal model: Direct dermal contact with product : migration 
 
exposed area                   0,378      m2                   
leachable fraction             1          %                    
skin contact factor            1          fraction             
 
Uptake model: fraction 
 
uptake fraction                10         %                    
 
Output 
 
 
Dermal : point estimates 
 
dermal load :            4,9E-5  mg/cm2 
dermal external dose :  0,00285  mg/kg 
dermal acute (internal) dose :      0,000285  mg/kg 
dermal chronic (internal) dose :      0,000285  mg/kg/day 
 
Integrated (point estimates) 
 
total external dose:   0,00285  mg/kg 
total acute dose  (internal):   0,000285  mg/kg 
total chronic dose  (internal):   0,000285  mg/kg/day 
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